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Abstract
Barker’s “fetal origin hypothesis” advocates that the diseases in later life originate 
through adaptations that fetus makes when it is undernourished. These adaptations, whether 
cardiovascular, metabolic, or endocrine, permanently change the structure, and fonctions of 
the body, and pave the road to chronic killer diseases in later life, such as; coronary heart 
diseases, related disorders, stroke, diabetes, and hypertension.
The main objective o f the study, both prospective, and retrospective, covering the 
subjects from 0 to 1 year, and 3 to 15 years, respectively, is to test the Barker “fetal origin 
hypothesis” that nutrition in early life does influence the disease pattern in later hfe. The 
research is specifically designed to study the relationship between infant body size, placental 
weight, blood pressure, and lipid profile in late infancy; and whether or not the relationship 
between high blood pressure, and low bhthweight is initiated in uterus, or during the infancy.
The prospective studies were carried out in Prince Salman Bin Abdulaziz Hospital in 
Riyadh, KSA. The sampling was performed systematically. Every fifth child born in the 
delivery room was selected in the obstetric ward. A total o f 1026 neonates were included in 
the prospective studies. The retrospective studies were conducted in Deraya Primary Health 
Care Centre, and data were collected from the medical record department, which included 
1505 subjects, aged 3 to 15 years. The babies with major congenital malformations were 
excluded both studies included questionnaires, anthropometric measurements, and critical 
evaluation o f haematological and biochemical parameters. The data collected, both 
prospective and retrospective and retrospective studies, were categorised, analysed, and 
statistically interpreted by using the Statistical Package for Social Science SPSS/PC+V9.0. 
Normal distributions o f data were confirmed by using the Kolmogorow -Smirnow Test. In all 
cases, significance was assumed at P<0.05.
The major findings do support Barker’s epidemiological data, and evidences. 
Although, it is still somewhat too early, and premature to confirm these findings, due to the 
length o f period covered, the data presented, both prospective and retrospective, do point out, 
and lead to the following major conclusions: Chronic diseases are being imprinted 
“Programmed” in feto-placental unit during pregnancy, and infancy, there is indeed a strong 
association between birthweight, especially, low birthweight, and placental weight, blood 
pressure, lipid metabolism in early infancy, and in childhood. Low birthweight, <2500gms is 
strongly associated with elevated systolic blood pressure, and low birthweight infants, if 
survived, are predisposed to inevitable disabilities o f all kinds, and chi'onic diseases in later 
life.
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Chapter 1 
Introduction
1.1. The Kingdom of Saudi Arabia
1.1.1. The Country Profile
The Kingdom of Saudi Arabia occupies approximately four-fifths of the Arabian 
Peninsula, an area of about 2,250,600 square kilometers. It is bordered, on the South, by Yemen, 
and Oman; on the West by the Red Sea; on the North, by Jordan, Iraq and Kuwait; and, on the 
East by the Gulf, Qatar, Bahrain, and the United Arab Emirates. The country is made up of three 
geographical zones; the narrow coastal plain, running along the Red Sea; the mountain range, 
which is parallel to the coastal plain, which has an average elevation of over 1,200 meters; and 
the great sandy plateau, which is divided into the Great Nafud, the Dahna, and the Rub’al-Khali, 
the world’s largest continuous sand body.
Much of the country is arid desert, and some places are without rain for years. In 
summer, average temperatures, in coastal regions, range from 30 to 50 °C [86 “F-120 °F] and 
humidity is high. Temperatures sometimes reach 54 °C (129 ®F) in the interior. Winters are mild, 
except in the mountains. Annual rainfall averages between 100 mm (4 in) and 200 mm (8 in) in 
the North, but is higher in the South. The harshness of the climate is of critical importance, and 
has had tremendous effects on all aspects of the life. There are no permanent surface streams, 
but valleys are numerous.
More than 1% of the total area, representing 1.34 million hectares, is cultivable, and 
confined to irrigated regions. Ninety percent of this area is used for field crops, with the 
remainder being used to produce dates, the staple crops, and vegetables. Around one-fourth of 
the cultivated land is irrigated, and about half of it is in the area surrounding the capital, Riyadh. 
The limiting factor to cultivation is msufficient rainfall combined with the lack of access to 
ground water for irrigation. With the exception of the southwest, where dams are used to 
provide more controlled irrigations, rain fed agriculture is not feasible.
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1.1.2. The Health Profile
The health cai-e services delivery in Saudi Arabia has received steady government 
attention and expenditure. Great efforts have been made in order to improve, and facilitate the 
health services for citizens, and residents of the Kingdom. The health care services network has 
been expanded to include modern hospitals, and clinics, with the most modern and sophisticated 
medical care facilities anywhere in the world.
Allocations for the Ministry of Health, MOH, in the first year of the first development 
plan, 1970 amounted to SRI 77.1 million, representing approximately 2.8% of the total state 
budget. Allocations continued to increase gradually during the second development plan (1975- 
1980) reaching a total accumulated allocation of SR 1777.6 million, representing 2.5% of the 
total state budget during the second plan [1].
Accumulated allocations during the 3^  ^development plan (1980-1985) were estimated at 
SR 40434.8 millions, equivalent to 2.9% of the total state general budgets. Despite the drop in 
the general state budget during the fourth and fifth development plans o f 1985—1990, 1990- 
1995, the Ministry of Health allocations were relatively unchanged.
The Ministiy of Health appropriations as part of the state’s general budget (Fiscal year 
1970 to 2000) are presented in Table 1.1.
Table 1.1 
Ministry of Health Budget (1970 -  2000)
Fiscal Year
. .a
State jGeneraîi Budget
(M Hii^SR)
■■
Ministry of Health 
. appropriation 
(MiUiohS^^ . Budget
1970 6380.0 177.1 2.8 %
1975 110935.0 3197.3 2.9 %
1980 245000.1 5656.4 2.3 %
1985 200000.0 8814.5 4.4 %
1990 143000.0 8597.0 6.0 %
1993 160000.0 8110.7 5.1 %
1995 150000.0 7364.8 4.9 %
1997 181000.0 10747.0 5.9 %
1998 165000.0 11339.236 6.8%
2000 170,000.0 13,440.20 7.1%
(RefNo: 1)
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The Growth of Health Services
The Ministry of Health, through its ambitious programmes, has been able to maintain 
steady progress in all aspects of health care services including health facilities and health 
manpower. The number of Ministry of Health hospitals increased from 47 hospitals with 7,165 
beds in 1970 to 180 hospitals with 27,058 beds in 1997. This growth has been paralleled with 
the expansion in the number of Primary Health Care Centers (PHCC) from 519 in 1970 to 1756 
in 1998 as presented in Table 1.2 [1].
Table 1.2
The Number of Health Care Facilities iu the Ministry of Health (1970-1998)
■ "■ Year HéaÛhÙare^ ;■
No. of HœpifàliS No of Beds \  No. of PHCC '■
1970 47 7165 519
1975 62 7734 587
1980 69 11968 889
1985 105 20796 1306
1990 163 25835 1668
1995 175 26737 1725
1997 180 27058 1737
1998 186 27794 1756
(RefNo: 1)
The expansion of health care facilities and services was accompanied by a growth of a 
well-trained health manpower for their operation throughout the country. The number of 
specialist physicians rose from 817 in 1971 to 14,786 in 1998. Similarly, the number o f health 
auxiliaries, (nurses, both male and female as well as midwives) rose from 2268 in 1971 to 
36,340 in 1998. Accordingly, the number of allied health personnel also showed a significant 
increase during the same period as presented in Table 1.3 [1].
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Table 1.3
Health manpower in the Ministry of Health (1970-2000)
Year V-;.:' '" ' Health
physicians Midwives Allied Health Total
1971 817 2268 1542 4,627
1975 2275 4721 2923 9,919
1980 3793 6859 4294 14,946
1985 9257 20707 10086 40,050
1990 12959 29124 15329 57,412
1995 15476 35219 19973 70,668
1997 14588 34739 20131 69,458
1998 14786 36340 22,188 73,314
2000 15241 36810 24,320 76,371
(Ref. No. 1)
Both public and private health care is available in the countiy, and the Ministry of Health 
is responsible for about 70% of all the health facilities in the country. Health and social services, 
as documented where appropriate, have received steady attention, and generous financial 
support in the past, and will do so in the years ahead.
The UNICEF, with close cooperation of the MOH, has been actively involved in the 
expansion and strengthening of the Maternal and Child Health (MCH) services in the Kingdom. 
After two successful pilot programmes in 1985, in Asir and Hail provinces, designed to upgrade 
the skills of nurses responsible for prenatal care, the government has decided to implement the 
programmes for the entire country. The UNICEF provided the technical consultants on nursing, 
pediatrics, obstetrics, and health education in order to develop training manuals for doctors, 
nurses, and midwives throughout the MCH centers in the Kingdom. The implementation 
activities are being closely monitored and evaluated [2].
The Royal Decree, pronounced in 1979, stipulating that no birth certificate be issued to 
any child without producing a certificate o f “Fully immunised” had greatly contributed to the 
national coverage of Immmunisation programmes. According to the National Child Health 
Survey (NCHS) findings, completed in 1987, Al-Mazrou and Samir have concluded that about
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95% of all children were reported to have been immunised, or to have started the course of 
immunisation. Immunisation levels for children were high in respect of all early childhood 
diseases. The immunisation levels in Saudi Arabia appear to be high, and more than 95% of 
children, under six years of age, were reported to have a health card. Urban immunisation levels, 
however, were higher than rural levels, with a little difference in regard to timing. The figures 
were 97% and 90%, urban versus rural, respectively, for children under six years of age. The 
national coverage campaign is still in progress and closely monitored by the health care officials 
[3]. The current recommended vaccination schedules for routine immunisation of young 
children in Saudi Arabia is presented in Table 1.4.
The control of diarrhoeal diseases is one of the major parts of the “Child Health and 
Survival Programmes” in the MOH where UNICEF has made a significant contribution in the 
mid 1980s. The major objectives of the control programmes were to reduce the mortality, and 
morbidity rate due to dehydration, including the “Oral Rehydration Therapy” (ORT). According 
to Al-Mazrou and Samir, diarrhoeal diseases are one of the leading causes of infant and child 
mortality and morbidity in Saudi Ai abia [3].
Table 1.4 
Current Recommended Schedule for Routine Immunisation of Young 
Children in Saudi Arabia
Age Vaccines
Birth HBV, BCG
6 weeks DPT, OPV, HBV
3 months DPT, OPV
5 months DPT, OPV
6 months HBV, Measles
12 months MMR
18 months DPT, OPV
4-6 years DPT, OPV
HBV = Hepatitis;
BCG = Bacille Calmette-Guerine
DPT = Diphtheria, Pertussis, Tetanus
OPV = Oral Polio Vaccine
MMR = Mumps, Measles, Rubella
[4] Tufenlœji and Kattan: Ann Saudi Med, 1994; (1492): 91-93.
______________________________________________________________   Chapter 1
The infant mortality rates by sex for the period of 1976-1989, are presented in Table 1.5. The 
data show a considerable, and steady decline from 81 per 1000 live births for the year 1976, to 
30 per 1000 live birth for the year 1989. During the same period, the child mortality rate under 
five years declined fiom 113 to 42 per 1000 live births. The findings of the survey also showed a 
significant differential of infant and child mortality by urban and rural settings, geographical 
regions and parental education, (Table 1.6 and 1.7 [2,5]). This impressive decline has been in 
harmony, and consistent with the rapid economic development and social progress, including an 
effective delivery of health care services, environmental sanitation, improved infant feeding and 
weaning practices, and compulsory immunisation. Overall socio-economic development, and 
improved consumption pattern with balanced diet, reflected themselves in the standard of well­
being and health as a whole. The crude death rate declined from 20 per 1000 in 1965 to 8 per 
1000 in 1989. Similarly, the average life expectancy at birth among males increased from 47 
years to 60, and among females from50 to 64 years over the period of 1965-1985. [1,2], and
69.9, 73.4 for female and male respectively during the nineties, [la].
Table 1.5
Infant Mortality Rates per 1,000 Live Births By Sex in Saudi Arabia
(1976-1998)
.J Males Females Both .
1976 88 78 81
1979 75 67 70
1982 62 52 57
1984 52 40 46
1987 39 37 38
1989 30 29 30
1995 21 20 21
1998 23 22 23
[1] (Ref. #1)
[la]
[5] Al-Mazrou Y, et al: Level and Trends. Dec 1990,38-75.
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Table 1.6
Infant and Child Mortality Per 1,000 Live Births By Urban and Rural
Settings, 1976-1989
Infant Mortality
irban
1979 64 79 82 109
1982 50 67 74 87
1984 39 59 59 74
1987 32 49 46 59
1989 27 40 31 46
[2] Al-Mazrou Y, et al: Levels and Trends Dec 1990; 38-75 
[5] Nour OAM, et al: Ann Saudi Med 1992; 12(6): 565-570
Table 1.7
Infant Mortality Rates Per 1,000 Live Births by Geographical Regions
(1976-1989)
/Yearly..:' ■ iSiorthern , Southern Eastern Western Central
1976 76 102 69 79 77
1979 63 82 62 66 69
1982 47 68 52 61 50
1984 45 60 36 42 47
1987 30 46 29 32 44
[2] Al-Mazrou Y, et al: Levels and Trends Dec 1990; 38-75. 
[5] Nour OAM, et al: Ann Saudi Med 1992; 12(6): 565-570.
A three years maternal mortality survey in the Kingdom, carried out by Al-Meshari and 
his co-workers, the first study of its kind in the country, has identified various epidemiological 
risk factors for maternal deaths [6]. During August 1989-June 1992, there were 155 maternal 
deaths in various hospitals in the country where 880,248 mothers were given birth with the 
maternal mortality rate (MMR) of 18/100,000 births. The highest number of deaths occurred 
among the illiterate females (76%), the unskilled (67%), and economically underprivileged
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(38%), with a family income of less than SR2000 per month [6]. Maternal mortality was lower 
in educated patients (23%), as compared to (77%) among the uneducated. The incidence of 
maternal death was lowest in mothers under 20 years, and it starts to rise with age. It was higher 
in mothers, age 35 or older. The age-specific distribution of maternal deaths revealed that 
females over 40 years were in the highest risk group. According to the investigators, the pattern 
of maternal mortality with parity showed a relatively lower number of deaths for females in their 
2"*^  through 6^*^ pregnancies, and a greater number of deaths in females in their 7‘^  pregnancy and 
above. In regard to the mode of delivery, cesarean sections contributed 37% of direct maternal 
deaths. Overall the cesarean rate was 8%. The emergency cesarean was 82% as compared to 
elective cesarean of 18%. Home delivery, as reported, has contributed towards 19% (20/105) of 
the direct maternal deaths. Hemorrhage was the leading cause, 26.8% (26/105). Pulmonary 
embolism, rupture of the uterus, and hypertensive disorders were the second, third, and fourth 
causes, contributing 17%, 14.3%, and 12.4% respectively, as presented in Table 1.8. The 
maternal mortality rate (MMR) of 18/100,000 live births in Saudi Arabia compares favourably 
with those of the Gulf States, as well as the developed countries [6].
Table 1.8
Major Etiological Factors in Maternal Mortality, The Kingdom of Saudi
Arabia
Ëddl(^ical facitors Nuniber %
Hemorrhage 26 26.8
Pulmonary Embolism 18 17.0
Ruptured Uterus 15 14.3
Hypertensive Disorders 13 12.4
Abortive & Hydatidifonn 12 11.4
Sepsis 9 8.5
Amniotic Fluid Embolism 8 7.6
Other Direct Causes 2 2.0
Ectopic Pregnancy 1 1.0
Anaesthesia 1 1.0
Total Deaths 105 100
[6] Al-Meshari A, et al: Ann Saudi Med 1995; 15(4): 317-322
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1.2. The Gulf Countries
1.2.1.The Dietary Patterns and the Trends in Chronic Diseases
The Arab countries face several nutritional problems; such as growth retardation in 
infants and young children, micronutrient deficiencies, and diet-related chronic diseases. The 
prevalence of these problems varies from country to country, due to differences in socio­
economic status, health care services delivery, and food availability. Although several Arab 
countries have formulated National Nutrition Policies, and plans of action to alleviate some of 
these problems; none of these countries have actually put these plans into action and practice. 
These programmes, once in action, should be carried out by a national nutrition council 
composed o f multidisciplinary expertise, and through the coordination o f public and private 
sectors [7].
The countries of the Gulf, in particular, have experienced a rapid change in socio­
economic status, food consumption patterns, dietary habits, and lifestyle during the past three 
decades due to sharp increases in per capita income as a result of the oil revenue [8]. These 
changes have their impact on the nutritional and health status of the communities which 
manifested themselves in both forms of malnutrition: undernutrition and overnutrition. 
Undernutrition resulted in growth retardation among preschool children, and anaemia in young 
adolescent girls, and pregnant women, while overnutrition manifested itself as obesity, which 
paved the road to diet related non-communicable diseases [8].
1) Changes in Disease Patterns
The changes in food habits, life expectancy, and lifestyle in the Gulf countries have led 
to a greater change in morbidity and mortality patterns. Infectious diseases have gradually left 
their places to diet related chronic non-communicable diseases. Cardiovascular diseases, such as 
ischaemic heart disease, acute myocardial infarction, cerebrovascular diseases, and 
atherosclerosis are now the leading causes o f death in the region representing the 25 to 37% of 
the total annual deaths [8]. Hypertension has long been recognized as a risk factor for 
cardiovascular diseases. Using the WHO blood pressure criteria of 165/95 mm Hg, the 
prevalence rates have been reported to range from 10% to over 17% of the adult population. 
Obesity, which is a major risk factor for several chronic illnesses, has reached an alarming level 
in many countries in the region, especially among women. Non-insulin dependent diabetes
Chapter 1
(NIDDM) is also a serious health problem in the region. The prevalence of this type of diabetes 
ranges between 4-6% among the population of Gulf countries. The survey from Oman which 
used the WHO diagnostic criteria revealed the highest prevalence in the Gulf region, 9.8%. 
Cancer of all kinds has become the third cause of death in the region right after cardiovascular 
diseases, and motor vehicle accidents. The percentage of deaths due to cancer ranged from 6% 
to 19% in sites of lung, GI tract, breast, liver, and prostate [8].
2) Nutritional Problems of the pregnant women
Nutritional status of pregnant women in the Gulf countries has not kept pace with the 
socio-economic development in the region. Nutritional disorders such as anaemia, obesity, and 
diabetes, just to name a few, are still common among pregnant women [9]. Iron deficiency 
anaemia is one of the major nutritional problems of pregnant women in the Gulf, with a 
prevalence ranging form 30% to 54%. Overweight and obesity are a major concern as well. It 
was estimated that 54% -to-70% of the women in the area are overweight and obese. 
Underweight is prevalent among 3% to 13% of the pregnant women. Gestational diabetes 
occurred in 5%-10% of the pregnant women which may significantly contribute to pregnancy 
complications. Early marriages, multiple pregnancies, poor dietary habits, pica, traditional 
beliefs and attitudes, lifestyle and westernization are among the various factors associated with 
the nutritional status of the pregnant women in the Gulf countries [9].
3) Nutritional Problems of Infants and Young Children
One of the most important health problems affecting infants and preschool children in 
the Gulf region is malnutrition. In the first five years of life, a child is totally in the care of 
others. Undernutrition in early life has adverse effects on growth and mental development, and 
thus on future learning potentials. Rapid changes in socio-economic developments in the region 
also influenced the nutritional status of the infants and children. Low birthweight, growth 
retardation, iron deficiency anaemia, vitamin D deficiency, and dental caries are still common 
nutritional problems of the children in the Gulf region [10].
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4) Diet Related Chronic Diseases in Saudi Arabia
Table 1.9. Shows a cross-sectional Kingdom wide epidemiological household survey of 
37,000 Saudi adults which was conducted to address several healths related issues, including the 
prevalence of diet related chronic non-communicable diseases during the early 90s [11,12], This 
National Epidemiological House-hold Survey was designed to satisfy the following objectives.
a. To study the prevalence and distribution of overweight and obesity, 
hypercholesterolemia and diabetes mellitus,
b. To explore the effects of urbanization on the prevalence of these chronic diseases, and 
their distribution among the different tribes of Saudi Arabia, and
c. To investigate the possible relationship between these chronic diseases, and the socio­
economic status, as well as
d. The level and distribution of Serum Triglyceride, and High Density Lipoprotein (HDL) 
concentration among Saudi population.
The survey is designed to address the effects of residence (urban vs. rural) on 
the prevalence of overweight, obesity, hypercholesterolemia and diabetes [11,12].
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Table 1.9
Summary of Statistical Information on Obesity, Hypercholesterolemia and
Diabetes mellitus, KSA, 1990-1993
Male
OBESITY
Sample size* 6873 6304
Mean (±SD) of age (years) 33 (15) 33(15)
Mean (±SD) Body Mass Index 25(5) 26(6)
Prevalence (%) of overweight 29 27
Prevalence (%) of obesity 16 24
Prevalence (%) of obesity Urban 18 28
Rural 12 18
HYPERCHOLESTEROLEMIA
Sample size* 2294 2254
Mean (±SD) of age (years) 33 (15) 33 (15)
Mean (±SD) of serum cholesterol concentration (mmol/L.) 4(1.5) 4.25(1.5)
Prevalence (%) of hypercholesterolemia (5.2-6.2 mmol/L.) 10 12
Prevalence (%) of hypercholesterolemia (>6.2 mmol/L) 7.5 9
Prevalence (%) of hypercholesterolemia (>6.2 mmol/L Urban 6 8
Rural 8 9
DIABETES MELLITUS (NIDDM)
Sample size* 6873 6304
Mean (±SD) of age (years) 33 (15) 33 (15)
Mean (±SD) of random serum glucose concentr ation (mmol/L.) 5.4(3) 5.2(3)
Prevalence (%) of impaired glucose tolerance 10 9
Prevalence (%) of diabetes mellitus among all Saudi population 11.8 12.8
Prevalence (%) of diabetes mellitus among population 30-64 years 16 20
Prevalence (%) of diabetes mellitus Urban 11.7 13.8
Rural 6.8 7.4
♦Sample adjusted for gender, age, region and urban-mral distribution. 
Ref: [11,12]
12
___________________________________________________________________  Chapter 1
The epidemiological household survey has shown a high prevalence of obesity among 
the Saudi population, with values higher among the females. Socio-economic development, 
modernization and the related lifestyle and consumption pattern have paved the road for higher 
prevalence of overweight and obesity among both males and females of urban population. 
Although the prevalence of hypercholesterolemia is higher among females, and increases with 
age, it is still lower than those values reported for the western societies. Further, community 
based studies are needed, especially in relation to body weight distribution, lifestyle, and dietary 
habits [11].
The prevalence of Diabetes mellitus (NIDDM) in Saudi Arabia is comparatively higher 
than the rates observed in the developed western countries. Such prevalence is similar to those 
of the other Gulf countries, and alarmingly higher among the female population. The prevalence 
of Diabetes mellitus was 11.8% and 12.8% for male and female subjects, respectively. The 
prevalence of impaired glucose tolerance was 10% and 9% for male and female, respectively. 
There has been a progressive increase in the prevalence of diabetes with age reaching up to 40% 
at the 6^ decade. There was also a regional variation in the prevalence of Diabetes in male 
subjects, 17.6% in the eastern region, as compared to female subjects, 18.6%, in the northern 
region [11,12].
There was a progressive increase in the mean Body Mass Index (BMI) with age for male 
and female subjects in communities, both urban and rural. The prevalence o f overweight was 
significantly higher among subject living in urban communities, when compared with the rural 
communities (31% and 26% for male subjects, 29% and 24% for female subjects, respectively). 
Prevalence of obesity was significantly higher among subjects living in urban communities as 
compared to rural communities (18% and 12% for male subjects, and 28% and 18% for female 
subjects, respectively) [11,12].
As pointed out by Musaiger, prevention and control of diet-related chronic diseases have 
received little attention in the Gulf States including Saudi Arabia [8]. This can be attributed to 
the following factors:
1. Health care services in the region are curative oriented, rather than preventive.
2. Lack of epidemiological studies, and thus lack of reliable data, on risk factors 
associated with chronic non-communicable diseases. Although some of the risk 
factors are well established, it is believed that the magnitude of these fectors may not 
be the same as those reported in Western countries.
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3. Inadequate health information system. This is mainly due to the lack of specialized 
staff rather than the lack of information technology.
4. Inadequate health and nutrition education. In general, health education programmes 
in the Gulf countries are far from being effective. This is mainly due to lack of 
specialized personnel in the mass media and incorrect selection of appropriate 
educational channels and target groups. Nutrition and health education in the region 
often plays a little role in prevention, and managing of diet-related chronic diseases.
5. Insufficient information on prevention and management of chronic diseases 
especially in health sciences curricula. Nutrition, although recognized as a medical 
modality, receives the lowest priority in all aspects of medical education, and 
interventions.
6. Food subsidy policies. In the early 70s, the Gulf countries established food policies 
to keep the prices of stable foods within the purchasing power of the majority. Such 
policy may encourage an increase in the consumption of foods rich in energy and 
animal fat. It is recommended that food subsidy policies be amended to promote the 
consumption of protective foods, such as fruits, vegetables, and fish.
7. Absence of National Food and Nutrition Policies. At present, there is no food and 
nutrition policy in any of the Gulf States. These states carry out projects and 
programmes of various types in the fields of agriculture, health, social policy and 
education that are directly or indirectly related to control of nutritional problems. 
These programmes are usually developed in isolation from other activities.
A major challenge for the Gulf States is therefore to adapt to the current health situation 
by developing preventive services and programmes m the control, and management of diet 
related chronic non-communicable diseases [8].
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1.2.2.Mortality Trends and Leading Causes of Deaths in the 
Kingdom of Saudi Arabia as Recorded in the MOH Hospitals 
(1995-1998)
The data in this section are based on the information of deaths reported monthly from the 
hospitals of the Ministry of Health only. They are sent on the death registration form 
recommended by WHO along with copies of admission/discharge sheets of the patients and 
notification of health forms. The mortality statistics presented here were compiled in accordance 
with WHO regulations. The underlying cause of death is determined and coded according to the 
“International Classification of diseases” (ICD-10) (Mortality Report 1998- MOH-KSA)[la].
The total numbers of 32.920 cases of death were reported during 1998, with an average 
of 2734 deaths monthly. Table 10 presents the frequency of deaths classified according to ICD- 
10 classification. The group “Signs, Symptoms, and Ill-defined Conditions’ stands first with 
7765 cases accounting for 23.6% of all deaths, followed by “Diseases of the Circulatory 
System” with 5.767 cases (17.5%), then “Injury and Poisoning” group for 5094 cases (15.5%) 
Table 1.10, [la].
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Table 1.10
Ranking of Deaths by Leading Causes of Death (Disease Group) (ICD-10
CODE/WHO) 1998
dauses of Death
Number y- .y% ./ : . y
Symptoms, Signs & III Defined Cond. 7765 23.6
Disease of Circulatory System 5767 17.5
Injury, Poisoning & Ext. Causes 5094 15.5
Condn. Orig. Perinatal Period 4215 12.8
Neoplasm (Cancer-all types) 1912 5.8
Dis. Respiratory System 1791 5.4
Congenital Anomalies 1478 4.5
Endocrine. Nutr. Metabolic Dis. 1295 3.9
Infectious & Parasitic Diseases 1146 3.5
Diseases of Digestive System 810 2.5
Dis. of Genitourinary System 640 1.9
Dis. of Neivous System 635 1.9
Dis. of Skin & Subcutaneous Tissues 178 0.5
Dis. of Blood & Blood form organs 135 0.4
Pregnancy, Childbirth & Pueiperum 36 0.1
Dis. of Musculoskelatal System 22 0.1
Mental Disorders 1 0.0
Total 32.920 100.0
Souice. Ref. [la]
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Accordingly Table 1.11, Presents the distribution of deaths by causes and sex in 1998, [la].
Table 1.11
Distribution of Deaths by causes and sex (ICD.IOAVHO) 1998
M/F Ratio
Symptoms, Signs & Hi-Defined Cond. 4824 2941 1.6
Disease of Circulatory System 3361 2406 1.4
Injury, Poisoning & Ext. Causes 4108 986 4.2
Condn. Orig. Perinatal Period 2395 1820 1.3
Neoplasm (Cancer-all types) 1151 761 ■ 1.5
Dis. Respiratory System 1087 704 1.5
Congenital Anomalies 447 731 1.0
Endocrine. Nutr. Metabolic Dis. 706 589 1.2
Infectious & Parasitic Diseases 680 466 1.5
Diseases of Digestive System 533 277 1.9
Dis. of Genitourinary System 367 273 1.3
Dis. of Nervous System 372 263 1.4
Dis. of Skin & Subcutaneous Tissues 98 80 1.2
Dis. of Blood & Blood form organs 72 63 1.1
Pregnancy, Childbirth & Puerperoim 0 36 0.0
Dis. of Musculoskelatal System 4 18 0.2
Mental Disorders 0 1 0.0
Total 20505 12415 1.7
Source. Ref. [la]
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The overall male/female ratio, as presented in table 11, is 1.7. This could be attributed 
partially to the obvious variation in male/female ratio due to “Injuiy and Poisoning” group that 
was 4.2 [la].
The Kingdom of Saudi Arabia Mortality Trends (1995-1998)
It has been recorded that there was a steady increase in mortality from (25410 cases) in 
1995 to 32379 cases in 1997. This observed increase in mortality, however, may reflect the 
improvement in death registration and reporting, and also, the population growth, which was 
reported to be 3.5% in the Kingdom for the same period. There was no obvious change in 
mortality from 1997 (32739 cases) to 1998 (32920 cases) as presented in table 1.12[la].
Table 1.12
Mortality Trends by Nationality For the Period of 1995-1998
Year
„ Total Deaths Number
■■ Sàudi : Non-Saudi Saiidi /  Ndn-Saudi
1995 25.410 18134 7276 71.4% 28.6%
1996 29.834 20.233 9601 67.8% 32.2%
1997 32.739 22418 10321 68.5% 31.5%
1998 32.920 22719 10201 69.0% 31.0%
Source. Ref. [la
The following table. Table 1.13, presents the mortality trend by (ICD-IO/WHO) causes 
of disease during the period of 1996-1998. As it is shown in the table “ill-defined symptoms, 
signs” stand first throughout the same period. Also, a small increase, as a percentage, is 
noticeable in the annual total deaths (from 21.7% in 1996, to 23.6% in 1998[ a]. Deaths due to 
“diseases of circulatory system” moved to second place (5817 cases, 17.8% of the total deaths) 
in 1997, only after group of “ill defined symptoms and signs” (6760 cases, 20.6% of the total 
deaths). It is in the 3^^^ place in 1996. There was also a drop in percentage deaths due to 
“Perinatal conditions” ft om the total deaths (from 14.6% in 1996 to 12.8% in 1998. There were 
minor variations in other disease groups during the same period. Table 1.13, [la].
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Table 1.13
Mortality Trend by disease group (1996-1998)
Causés of Death Number of Deaths * Percentage (%)
1996 1997 1998 1996 1997 1998
Symptoms, Signs & Hi-Defined Cond. 6471 6760 7765 21.69 20.64 23.59
Disease of Circulatory System 4913 5817 5767 16.47 17.76 17.52
Injury, Poisoning & Ext. Causes 5051 5328 5094 16.93 16.27 15.47
Condn. Orig. Perinatal Period 4350 4248 4215 14.58 12.97 12.80
Neoplasm (Cancer-all types) 1281 2069 1912 6.10 6.31 5.81
Dis. Respiratoiy System 1446 1878 1791 4.85 5.73 5.44
Congenital Anomalies 1404 1636 1478 4.71 4.99 4.49
Endocrine. Nutr. Metabolic Dis. 1028 1330 1295 3.45 4.06 3.93
Infectious & Parasitic Diseases 941 1014 1146 3.15 3.09 3.48
Diseases of Digestive System 795 916 810 2.66 2.79 2.46
Dis. of Genitourinaiy System 627 670 640 2.10 2.04 1.94
Dis. of Neivous System 522 608 635 1.75 1.85 1.93
Dis. of Skin & Subcutaneous Tissues 196 189 178 0.66 0.57 0.54
Dis. of Blood & Blood form organs 203 204 135 0.68 0.62 0.44
Pregnancy, Childbirth & Puerperum 17 15 36 0.06 0.04 0.11
Dis. of Musculoskelatal System 45 45 22 0.15 0.13 0.07
Mental Disorders 14 12 1 0.05 0.03 0.0
Total 29.834 32.739 32.920 100.00 100.00 100.00
Source. Ref. [la]
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Chapter 2
Literature Review
2.1.Malnutrition, Growth, Development and the Consequences 
in Later Life. ^
During the last two decades or so, there has been a growing academic and 
professional interest and concern about the importance of maternal nutrition during 
pregnancy, and subsequent infant and child development[13-46]. There is a considerable 
body o f experimental data, dealing with both human and animal subjects, in spite o f the 
experimental limitations, and the confounding variables involved, which suggest that 
nutritional deprivation, especially protein - calorie deficiencies, during pregnancy 
adversely affect cognitive, neurological and physical developments. As a whole, the 
earlier, and prolonged the period o f deprivation, the more profound, and irreversible were 
the abnormalities observed [31-34]. The confounding factors, and experimental 
conditions affecting simultaneously, the maternal nutrition, including the critical period 
o f preconception in women o f childbearing age, still remains to be fiirther considered. 
There is a great deal to be learned for better understanding o f the fetal development 
during pregnancy, maternal dietary intake, pregnancy outcome, and the health 
consequences in later life.
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a) Studies on Experimental Animals
Various studies on the effects o f under nutrition on lung structure and its function, on 
gi’owth [13-16], and adult animals[17-19], have been reported. The results o f these studies 
indicate the importance of dietary protein in lung development, and possibly as one of the 
causes of emphysema[l3,18]. Low protein diet, (8% casein), in rats had lower body weight 
and dry lung weight than control, (20% casein), rats. The authors conclude that the protein 
deprivation in isocaloricaUy fed weanling rats may have a specific effect on lung 
scleroprotein content[13]. The adverse effects o f prenatal malnutrition in rats, which have 
immature lungs at birth, was summarised by Gaultier[20]. Nutritional status during 
pregnancy affects fetal lung growth, and the effect of malnutrition is greater in late pregnancy 
than in early pregnancy postnatal malnutrition during the expansion and proliferation phases 
affects cell division, alveolus foimation, and elastin accumulation and fiiU recovery does not 
occur after refeeding, and special attention should be paid to the adverse effects of protein 
deprivation on lung elastin biosynthesis. Late postnatal malnutrition affects cell size but not 
cell division, and upon refeeding, recovery is nearly complete. The Report also indicates that 
vitamin D and B6 deficiencies have adverse e ^ c ts  on the development o f lung connective 
tissues[20]. In another study, neonatally starved animals showed minimal effects o f starvation 
on lung dimensions, both acutely and as adults. Morphologically, the lungs of some 
prenatally starved neonates were apparently retarded with significant increases in the number 
of stillborn litters and in neonatal mortality within houis of parturition [16].
In the mid-sixties, Dubos and his associates, in their classical article o f “Biological 
Freudianism”, discussing the lasting effects of early environmental influences, pointed out 
that early experiences, aside fiom conditioning the behavioural patterns, also do affect 
profoundly and lastingly many biological characteristics of adult life[21]. They have 
supported this view by epidemiological observations in man, and by experimental models in 
mice. For example when newborn animals are nursed by mothers fed diets that are slightly 
inadequate, their size remains subnormal throughout their life span, even though the youngs 
are fed an optimum diet after weaning[21]. Again, studies in the early sixties have shown that 
qualitative and quantitative deficiency in protein composition of a diet fed to mother rats 
during pregnancy and lactation were associated with poor food utilisation in the progeny[22]. 
Knittle and Hirsch, investigating the effects of infentile nutritional levels on adipose tissue
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cellularity and metabolism in Sprague-Dawley rats, concluded that their results support the 
hypothesis that early nutritional experiences can effect permanent changes in the cell number 
and size o f the epididymal fet depot, and that total cell number is important in the total 
metabolism o f this organ which suggested that early nutritional experiences be studied fiirther 
as a guide to the aetiology of obesity in man[23J.
Zeman and her associates, in a series of experiments with rats, showed that maternal 
protein deficiency during pregnancy resulted in depression in renal cell number, and a 
reduced rate of cell multiplication in the kidneys of progeny. Improved postnatal nutrition 
increased cell number in the controls, but had no lasting effect in the prenatally protein 
deprived young. The DNA content o f the young protein deficient dams tended to be reduced 
in all organs as compared with controls fi*om litters of comparable size[24]. Looking into the 
long-term effects of alterations o f maternal diet in mice, Davis and his co-workers indicated 
that the progeny of mice fed on sucrose during two critical periods, namely gestation and 
lactation, responded with long-term metabolic derangements. It appears that an imprint made 
in utero during maternal feeding of sucrose has a lasting effect on many of the pups. The 
protein value of the maternal diet appears to be a critical factor in producing growth, and 
other derangements[25]. Using pigs in their experiments, Dickerson and his co-workers have 
demonstrated that the growth and development, including the central nervous system, are 
adversely affected by limited period o f nutritional deprivation; and have postulated that 
adverse effects on brain size would have been more severe, and greater if undernutrition took 
place during pregnancy[26,27].
Studying the antibody formation in first and second-generation offsprings of 
nutritionally deprived rats, Chandra stated that malnutrition causes a reduction in the weight 
of lymphoid organs, and depletes the lymphocytes. The effects are more pronounced on the 
piimary response, and on immunoglobulin G antibody-forming cells. He concluded that 
significant impairment of antibody formation is detectable in the first and second generation 
offsprings of malnourished mothers; and impaired immunocompetence, due to intrauterine 
malnuti'ition, may persist for a very long time, and perhaps could become a permanent 
one[28]. Similarly, with young rats, Srivastava et al., have shown that undemutrition in early 
life could modulate the metabolism of mRNA and, consequently, protein synthesis in the 
lymphoid organs of rats; and they concluded that cell-mediated immunity as well as humoral
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immunity are both deranged by protein energy undemutrition in early life[29]. Thyroid status 
during the early neonatal period is extremely critical for development o f virtually all organ 
systems. The prenatal period represents a critical phase in which the central regulatory 
mechanism for the future set-point of thyroid function are being set up[30]. Accordingly, 
lasting deficits in thyroid performance, due to variety of environmental factors, and iodine 
deficiency disorders, can be elicited by dysthyroid states in the immediate perinatal period. 
Studies carried out by Pracyk and co-workers, on young rats, indicated that a critical period 
exists in which regulation of pituitary-thyroid axis function is programmed. More 
importantly, perinatal thyroid status “programs” its own future reactivity, so that early 
hypothyroidism results in reduced T4 and T3 levels in adulthood [30].
A comprehensive review article on the relationships between nutrition during 
pregnancy and subsequent infant and child development, dealing with both animal and 
human subjects, was presented by Osofeky in the mid-seventies. He concluded that the 
earlier, the more prolonged, and the more severe the deprivation, the greater and more 
irreversible were the abnormalities in later life[31]. Hahn, reviewing the late effects of early 
nutrition during prenatal, postnatal and weaning period, on both animal and human subjects, 
stated that the composition o f the diet fed in early life is a kind of first messenger, and the 
second messengers are hormones[32]. Again, studies on laboratoiy animals have indicated 
that dietary manipulation o f cholesterol and fotty acid metabolism duiing the thiee phases, 
(prenatal, suckling and weaning), o f development can have persistent and permanent effects 
on metabolism. Since development is a non-reversible process, there appears to be a critical 
period when changes in the diet can have lasting consequences[33]. Reviewing the validity o f 
the scientific evidences available to date that early nutrition has a “programming” effect on 
long-term linear growth, Lucas supports the concept that nutritional programming during a 
sensitive period, “a critical window in time” in early life may influence long-term health and 
development[34].
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b) Studies on Human Subjects
The early studies during the fifties and sixties on human subjects attempted to 
evaluate effects of differential nutrition during pregnancy and pregnancy outcome. These 
studies were concerned with resultant incidences o f pregnancy complications, prematuiity, 
and fetal and neonatal mortality. Some included the parameters of infant birthweight and 
length, but none included developmental assessments o f the surviving infants[31]. Although 
some of the human studies have been supportive of the experimental animal data, 
considerable inconsistencies, mostly related to experimental design, methodology, and 
quantitative interpretation, have been observed. Nonetheless, experimental data have 
indicated that marked nutritional deprivation results in abnormalities, including metabolic 
derangements, in infant and child developments[31]. More recent experimental studies, and 
epidemiological observations have contributed a great deal to our understanding o f this 
complex relation, and its developmental, and health consequences in later life[31-46 ].
The accumulated evidences suggest that factors relating to the mother’s childhood, 
her period of growth and development, may influence later reproductive performance[35]. In 
study, involving a cohort of 748 white women with singleton pregnancies, it has been 
ascertained that maternal birthweight was significantly related to stature, pregnancy weight, 
pregnancy weight gain, baby’s birthweight, gestational duration, relative intrauterine growth, 
transient tachypnea of the newborn, and idiopathic respiratoiy distress syndrome. Mothers 
who weighed 2000g (2 kg) or less at birth were at elevated risk for poor pregnancy outcome 
which suggests that factors interfering with intrauterine growth (TUG) have an impact on the 
next generation of babies. The data showed a statistically significant relationship between 
maternal birthweight (MBW), and several ftiture problems of pregnancy outcome[35]. The 
studies of Klebanoff et al, also supports the relationship between maternal birthweight and 
infant birthweight. They found that mothers who were small at their own births were at 
increased risk of fetal loss. Their findings and experimental data suggest a possible role of 
genetic and familial fectors in determining birthweight[36]. The significance of prenatal 
maternal diet, and its quality in relation to birthweight, as well as maternal birthweight was 
also documented by Susser[37]. A Scottish study, carried out by Lawrence and his co­
workers on 115 healthy parous urban housewives, indicated that women who gain more fat 
during pregnancy might not have bigger babies at delivery. They have concluded that there is
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no causative link between maternal energy intake, and weight gain during pregnancy and the 
birthweight and related pregnancy outcome[38]. A recent comprehensive review article on 
nutrition and human pregnancy indicated that only a small increase in energy-intake in later 
stages of pregnancy should be nutritionally adequate, and that is compatible with the 
provision o f sufficient protein, calcium, and ii*on as well[39]. Earlier studies with human 
subjects demonstrated that nutritional deprivation in the neonatal period could result in 
consequential retarded development. It was, however, argued that whether part of this 
retardation could be reversed by early rapid institution of optimal nutrition[40]. Winick and 
his co-workers working with rats o f the Sprague-Dawley strain, demonstrated that not only 
the quality and quantity of nutrition are important in partial recovery from nutritional insult, 
but also the time, when active cell divisions are taking place in various organs, is equally 
important when the rehabilitative efrbrts are undertaken[41]. Two decades of studies carried 
out by the Institute of Nutrition of Central America and Panama (INCAP), longitudinal 
(1966-1977), and its follow up (1988-1989), on short-and-long-term effects of improving 
nutrition in Guatemalan villages, which were characterised by deficient diets, high rates of 
infections, and pronounced grovrth retardation during the first 3 years o f life, demonstrated 
that improving nutrition in early childhood has important long-term effects in adolescent and 
adult years; and the consequences o f early malnutrition persist in later life[42-46]. During the 
last several decades, factors related to lifestyle, overnutrition, lack of exercise, smoking, 
substance abuse, and a wide variety of hormonal abnormalities were thought to be the major 
causes o f chronic killer diseases in later life. A well documented recent article reviews the 
influences of neonatal nutrition on longterm outcomes with references on both, animal and 
human subjects[34]. From a biological point of view, as the author concludes, the evidences 
do support the thesis that ‘Nutritional Programming” during a sensitive period in early life 
may influence long-term health and development; in spite of the feet that a great majority of 
these investigations on the consequences of prenatal and neonatal nutrition in man have been 
retrospective, and are seriously confounded by many variables, such as, study design, 
poverty, socio-economic and cultural circumstances, and others[34].
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2.2. Programming and Diseases in Later Life
How far one could go back, and trace the origin o f chronic killer diseases, which 
start to appear, and precipitate in later life? Barker and his co-investigators, the Medical 
Research Council, Environmental Epidemiology Unit at the University o f Southampton, 
in their series o f retrospective studies, going back 50 to 70 years, to gestation and infancy 
o f the subjects studied, documented that impaired foetal growth, and growth and nutrition 
in infancy were among the major factors for cardiovascular diseases in later life. These 
included plasma concentration o f cholesterol, blood lipids, fibrinogen, hypertension, body 
fat distribution, impaired glucose tolerance, insulin secretion and diabetes[47-76]. All 
these data support the possibilities that an adverse environment, including malnutrition, in 
the very early period o f development, in the fetus and infant, could “program” the 
individual for increased risk o f adult degenerative diseases[34]. Barker and Osmond 
documented that past infant death rates fi'om bronchitis and pneumonia more strongly 
correlated with current adult death rates firom chronic bronchitis than with any other 
causes o f death which could reflect the geographical differences in environmental factors 
responsible for the respiratory diseases at all ages[47]. Again Barker and Osmond 
speculated that lipid metabolism is being influenced throughout adult life if babies, 
during their infancy, are nourished with milk high in cholesterol and saturated fat[48]. In 
another study, they reported a relation between infant mortality and adult mortality fi’om 
stroke which could be mediated by differences in blood pressure[49]. Recent findings, as 
reported by Barker and his co-workers, suggest that retardation in growth duiing fetal life 
and infancy is associated with increased death rates firom caidiovascular diseases in adult 
life. Among 5654 men, born in Hertfordshiie during 1911-1930, those who had the 
lowest weights at birth and at age one, subsequently had the highest death rates fi*om 
ischaemic heart diseases as adult[50]. The same research team, relating birthweight to 
blood pressure in adults, suggested that adult hypertension originates in fetal life[51]. 
Whincup and his co-workers speculated that influences acting in eaiTy life may be 
important determinants o f blood pressure in the first decade. They reported a relation 
between blood pressure and birthweight, infant feeding, maternal age, birth rank, and a
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parental history of hypertension. The relation between birthweight and blood pressure 
may reflect the rate o f weight gain in infancy. According to the findings, the parental 
history o f high blood pressure was also associated with higher blood pressure in 
childhood[52]. Barker’s team at Southampton, investigating the effects o f intrauterine 
growth and maternal physique on blood pressuie, demonstrated, for the first time, that the 
intrauterine environment has an important effect on blood pressure and hypertension in 
adults[53]. The highest blood pressures occurred in men and women who had been small 
babies with large placentas. Such discordance between placental and fetal size may lead 
to circulatory adaptation in the fetus, altered arterial structure in the child, and 
hypertension in the adult. Prevention o f hypertension may depend on improving the 
nutrition and health of mothers. Their data point to a possible mechanism for the relation 
between placental weight and blood pressure. The greater placental weight at any 
biithweight was associated with a decrease in the ratio o f length to head 
circumference [5 3 ].
Hales, Barker and their associates with the aims to find out whether reduced fetal 
and infant growth is associated with non-insulin dependent diabetes (NIDDM), and 
impaired glucose tolerance in adult life concluded that reduced growth in early life is 
strongly linked with impaired glucose tolerance and NIDDM[54]. Reduced early growth 
is also related to a raised plasma concentration of 32-33-split proinsulin, which is 
interpreted as a sign of p-cell dysfimction. Intrauterine growth retardation (lUGR) is 
linked with high blood pressure, which may explain the association between hypertension 
and impaired glucose tolerance. They also documented that plasma glucose 
concentrations are stiongly related to blood pressure levels; and diabetes is one o f the 
consequences o f poor nutrition during critical periods o f fetal life, and infancy with 
consequent impaired development o f p-cell fimction[54]. Law et al, investigating the 
maternal and fetal influences on blood pressure in childhood, similar to those o f 
adults[53], found out that child’s systolic pressure was positively related to placental 
weight. Patterns o f placental weight, birthweight, head ciicumference, and length, that are 
associated with higher blood pressure in adults, are also associated with higher blood 
pressure m four years old children. They suggest that identification o f the intrauterine
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influences that lead to these patterns o f fetal growth could lead to the primary prevention 
o f hypertension[55].
A survey, carried out by Godfrey et al, on 8684 pregnant women showed that 
heavy placental weight was associated with a fall in maternal mean red cell volume as 
well as with low haemoglobin[56]. They speculated that anaemia and iron deficiency 
during pregnancy are associated with larger placental weight to birthweight which points 
to maternal nutritional deficiency as a cause for discordance between placental and fetal 
growth[56]. Among 327 men and women, aged 46 to 54 years, from Preston, England, 
the blood pressure was related to birthweight, placental weight, length, pondéral index 
and head circumference at birth. The investigator showed that there were strong trends of 
higher blood pressure in adult life with lower birthweight, and greater placental weight; 
and raised systolic blood pressuie was linked not only to low birthweight, but more 
strongly to large placental weight[57]. Fall, Barker and their co-investigators showed for 
the first time that serum lipid concentrations among adult men, and death rates from 
ischaemic heart disease aie related to the methods o f infant feeding. Their data suggest 
that age o f weaning, and possibly type o f milk, may permanently influence serum low 
density lipoprotein cholesterol concentrations, and death rates from ischaemic heart 
disease[59]. The same research team, in their retrospective studies o f men and women in 
different populations in the UK, presented that low growth rates, up to the age one are 
associated with the known risk factors o f cardiovascular diseases. For instance those who 
were short in relation to their head circumference tend to have high plasma fibrinogen 
and factor VII concentrations[60], and similarly low birthweight or low weight at age one 
is associated with overall obesity[61]. A study, by Phillips et al, aimed to investigate 
whether infant feeding affects the thyroid fimction in adult humans, where women rather 
than men were studied as subjects, because thyroid disorders are more prevalent among 
women. Their findings suggest that the set point o f thyroid function in adults is 
determined during fetal growth and infant feeding[62]. Small babies tend to have higher 
blood pressure[51,53,54], a documented observation which has also been confirmed by 
Law et al.[55]. They have concluded that essential hypertension is initiated in fetal life. A 
raised blood pressure, thereafter, is amplified from infancy to old age, perhaps by a 
positive feedback mechanism[63]. Thus, the highest systolic pressures aie found in
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people who had low birthweight. This group o f people also demonstrated a high 
prevalence of non-insulin dependent diabetes[54]. Godfrey and co-investigators described 
a relationship where finger and palm prints are related to fetal growth and adult blood 
pressure. They stated that fingertip whorls, and narrow palmar angles are indelible 
markers o f impaired fetal development at different stages in pregnancy. Both are 
associated with raised blood pressure in later adult fife[64]. Babies who are thin at birth 
tend to have “whorls”, patterns o f ridges thought to result from swollen finger pads in 
early gestation. Similarly, babies who are short at birth in relation to their head size tend 
to have narrow palms. The association between narrow palmar angle, and large head size 
at birth without proportionate increase in length may reflect adverse influences in late 
gestation[65,66]. Barker states that fetuses’ adaptations to undemutrition are associated 
with changes in the concentrations o f fetal and placental hormones. Persisting changes in 
the levels o f hormone secretion, and in the sensitivity o f tissues to them, may link fetal 
undemutrition with abnormal stmcture, fimction, and diseases in adult life[65]. The 
association between the child’s systolic pressure, lower haemoglobin and lower weight 
gain have also been emphasised that poor maternal nutrition may underline the 
programming o f hypertension during intrauterine life[67]. McCance and his associates, 
working with the Pima Indians, Gile River Indian community in Arizona, showed that in 
Pima Indians, aged 20-40, the association o f birthweight and diabetes was U shaped, with 
the highest prevalence o f diabetes occurring in both high and low biithweight infants. 
They proposed that the excess o f diabetes seen in subjects with low birthweight in the 
Pima Indians, and other populations may reflect selective survival o f small infants 
genetically susceptible to insulin resistance, and subsequently to developing non-insulin 
dependent diabetes (NIDDM) [68]. Maternal anaemia is one o f the enviionmental factors 
that is associated with an increase in placental size at birth[53], and Wheeler and his 
associates, looking into the relation between haematological status, (maternal Hb and 
serum ferritin) and plasma concentrations o f chorionic gonadotropin (hCG), and 
placental lactogen (hPL), have found a significant relation at 10 weeks o f pregnancy; and 
speculated that placental grovrth is, in part, determined by maternal fectors, that prevail 
before conception, which influence the placental development [69]. Recently, Fall and his 
co-workers have added more evidences that coronary heart disease is “programmed”
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during early growth; and in women as well, reduced fetal growth leads to insulin 
resistance, and the associated disorders, such as; raised blood pressure, and high serum 
triglyceride, and low serum high density lipoprotein cholesterol concentrations, and they 
concluded that men and women who had low birthweight are at increased risk o f 
coronary heart disease[70,71}.
Barker and his research team, in a recent study, reported that ovarian cancer is linked 
to the regulation of reproductive hormones; and explained it with the ovarian exposure to 
altered patterns o f gonadotiopin release in utero when the fetal hypothalamus is being 
imprinted[72]. Perry and his group tried to identify the maternal factors, which influence 
placental ratio in 692 healthy multiparous pregnant women of multiethnic origin. Their 
findings did not support the hypothesis that raised placental ratio is a marker for poor 
maternal nutrition. A high ratio of placental weight to fetal weight (placental ratio) at birth, 
however, has been linked to essential hypertension in later life[73]. Steer and his co­
investigators, studying the relation between maternal haemoglobin concentration and 
birthweight of 153,602 pregnancies, have concluded that a positive correlation exist between 
birthweight and haemoglobin concentration; and as low as 95g/l in pregnancy were 
associated with optimal fetal growth[74]. As reported by Godfrey et al, genuine anaemia, 
however, has adverse consequences on fetal growth, and long term outcome could lead to ;* 
hypertension in later life[56]. Maternal dietary intake during in early, and late pregnancy in 
relation to placental and fetal growth has also received some attention. The same 
epidemidogy research unit, from the University of Southampton, found out that a high 
carbohydrate intake in early pregnancy suppresses placental growth, especially if combined 
with a low daily and meat protein intake in late pregnancy. The team has concluded that such 
dietaiy intake could have long term consequences for the offeprmg’s risk o f cai'diovascular 
diseases[75]. The same research team, in another study, investigating the role o f maternal 
intake o f animal protein and carbohydrate, concluded, for the first time, that mother’s dietaiy 
practices in pregnancy are linked to the blood pressure of her oJBfeprings in adult life; and this 
may be mediated through the effects on placental growth[76]. In order to document whether 
the relation between size (thinness) at birth, and NIDDM is mediated through impdred p cell 
fimction or insulin resistance, Lithell and his co-investigators, working with 1333 men, bom 
during 1920-1924, still alive, and living in Uppsala, Sweden, confirmed that reduced fetal
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growth is associated with increased risk o f diabetes and suggest a specific association with 
thinness at birth. This relation seems to be mediated through insulin resistance rather than 
through impaired P cell function, and to depend on an interaction with obesity in adult 
life[77].
A retrospective cohort study, carried out by Forrester et al, involving 2337 school 
children in Kingston, Jamaica, West Indies, also suggested that risk o f hypertension, diabetes, 
and coronaiy artery disease in adulthood have been related to weight and proportions at birth. 
Children who had been shorter at birth had raised glycated haemoglobin levels and serum 
cholesterol concentration; and they concluded that intrauterine growth retardation (TUGR) 
might be associated with the programming of glucose and lipid metabolism[78]. Recently, 
interestingly enough, Martyn and his associates looked into the growth in utero and the 
cognitive function in adult life. Theii* data suggest that impaired fetal gi'owth has not been 
associated with poorer cognitive and mental performance in adult life[79]. A recent study has 
also supported the previous findings, described above, that a failure to realise growth 
potential in utero (as indicated by being light at birth but tall as an adult) is associated with 
raised adult blood pressure; and impaired fetal growth may lead to substantial increase in 
adult blood pressure among only those who become obese[80].
Barker’s “fetuses’ early nutrition hypothesis”, summarised as: (a baby’s nouiishment 
before birth, and during infency, does programme the development of risk factors, such as; 
raised blood pressure, fibrinogen concentration, glucose intolerance, etc; which could lead to 
degenerative chronic killer diseases in later life), has recently received some serious criticism, 
and refiitation[81,82]. Paneth and Susser refute that none of the Southampton studies 
provides actual measures o f the dietary intake of mothers and babies, and express doubt about 
the reliability of fetal growth measurements, and most importantly, as they indicate, infant 
anthropometry is taken as a proxy for fetal and infent nutrition, yet many other factors could 
very well be involved[82]. They cite that one of the strongest associations documented by the 
Barker’s group is the relation between a high ratio o f placental weight to birthweight, and 
subsequent risk fectors for coronary heart disease; and nutritional anaemia was pointed out as 
a major fector which influences the placental growth. Paneth and Susser argue that other 
factors, such as maternal diabetes, smoking, gestational ages, obesity may also influence the 
relation of birthweight to placental weight[82].
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2.3. An alternative- The Hormonal Hypothesis”
Low biithweight is associated with the subsequent development o f disabilities and 
chronic diseases in later life. Adult hypertension, for instance, was found to be associated 
with the unusual combination o f  low birthweight, and a large placenta; and maternal 
dietary intake, and nutritional status were suggested as the main aetiological factors[53]. 
Edwards and his co-workers, however, suggest an alternative aetiology (Hypothesis) that 
this association could be due to increased fetal exposure to maternal glucocorticoids[83]. 
This hypothesis is supported by the findings that in rats, decreased activity o f the enzyme 
that acts as a placental barrier to maternal glucocorticoids (11 p-hydroxysteroid 
dehydrogenase) (11 p-OHSD) is associated with low birthweight. Furthermore, increased 
exposure o f the fetus to exogenous glucocorticoids leads to low biithweight and 
subsequent hypertension in the offsprings[83]. They concluded that glucocorticoids 
acting during critical periods o f prenatal development may, like other steroid hormones, 
exert organisational (programming) effects or imprints patterns o f response that persist 
throughout life. Thus, the lifetime risk o f common disorders may be partly determined by 
the intrauterine environment[50,53,84]. Although the studies carried out by Edward’s 
group did cite, and speculate several in-utero mechanisms[84] which result in subsequent 
permanent changes, and deformities; the diiect actions of glucocorticoids on fetal tissue 
development, and hormonal imprinting, which explain the impaired fetal growth, and 
common chionic disorders in later life, were being emphasised. They advocated that 
increased level o f fetal exposure to maternal glucocorticoids leads to intrauterine grovrth 
retardation (lUGR), and subsequently to higher blood pressure in later Ufe[83,84].
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2.4. A Growing Interest, Concern & Controversy
The roles o f nutrition in disease prevention, health promotion, and maintenance 
have been weU established. Nutrition has now been recognised as a medical modality in 
the delivery o f cuiutive health services, as well as one of the major cornerstones of 
preventive medicine[85]. Malnutrition, in both o f its forms: under and overnutrition, has 
now become an economic drain on national development, and a growing concern for 
global health. The consequences o f chronic undernourishments, protein-energy 
malnutrition, nutritional anaemia, hypovitaminosis A, and the iodine deficiency disorders, 
are still on the priority list o f the World Health Organisation (WHO). Similarly, the 
alarming global trends o f overnutrition which results in obesity, and ultimately paves the 
road to chronic killer diseases, such as, diabetes, hypertension, cardiovascular diseases, 
certain types o f cancer, and the associated complications still need to be further 
investigated, and explored[85]. It is now a well-known fact that 7 out o f 10 leading 
causes o f death are diet, and lifestyle related maladies[86,87]. Epidemiological studies to 
date have clearly established a correlation between the dietary pattern, and the prevalence 
o f chronic diseases[86]. The affluent dietary pattern, as characterised by wealth, 
prosperity, high standard o f living, and sedentary lifestyle has started to cause a global 
outbreak o f non-communicable health hazards, which are sometimes referred as the 
“diseases o f affluence”. As the affluent diet has spread around the world, so have the 
chronic killer diseases. A brief review o f these chronic health hazards might shed some 
light on the grim outlook o f their global trends[88-90]. Over the last two decades or so, 
the Gulf States have experienced a major socio-economic development with significant 
changes in standard of living, and lifestyle. The increased Gross Domestic Product 
(GDP), wealth, prosperity and income distributions in the region have resulted in a 
unique consumption pattern, and the associated health problems. The health implications 
o f the modem, sedentary lifestyle, and its associated affluent diet are now increasingly 
being experienced, and recognised among the economically better off societies of the 
developing world. The Middle-East, the Gulf States, especially Saudi Arabia, by all 
means, are no exception[91,92]. A recent cross-sectional national house-hold survey.
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covering 37,000 adults, has aimed to map out the prevalence of these non-communicable 
chronic degenerative diseases in the Kingdom of Saudi Arabia[93],
The challenge which now faces the academic world, and the scientists worldwide 
is to test, verify, and document with facts and figures, whether we aie the victims of our 
lifestyle, dietary intake, and the environmental fectors which surround us throughout the 
life-span in adulthood [85-93]; or our destiny is being programmed, “imprinted”, in “a 
critical window in time”[34], during fetal development in pregnancy, and in infancy, 
thereafter [47-67].
Barker’s hypothesis has stimulated a worldwide interest, and the investigators 
have been looking into, and trying to find an answer, with facts and figures; and thus, the 
research goes on: Barker and his associates illustrated that low birthweight is linked to 
cardiovascular disease m both women and men. They concluded that cardiovascular 
disease is programmed in response to undemutrition in early life. This study provided the 
first evidence that early growth may be linked to death firom cardiovascular disease 
among women as well [94]. Low and very low birthweight is also linked to hearing 
impairment among Saudi children [95]. Forfar and his associates in then follow-up 
studies o f low birthweight infants, show a vride range o f disabilities, which are 
manifestations, or associations o f cerebral palsy, including abnormal posture and 
mobility, epilepsy, mental retardation, specific learning difficulties, deafiiess, slow 
speech development, visual problems (myopia, retinopathy of prematurity and squints) 
and organic behavioural problems [96]. In addition, disabilities following low birth­
weight are fi*equently related to congenital abnormalities. The lower the birthweight, the 
higher the risk that an infant will suffer fi'om a serious developmental defect in later life
[96]. Association with low birthweight and increased death rates fi'om coronary heart 
disease, and the higher prevalence o f its risk factors are elaborated fuither. These studies 
have led to the hypothesis that the diseases are programmed m fetal life. As Barker and 
his co-workers put it, stroke may originate in poor nutrition during the mother’s 
childhood which deforms the bony pelvis; and subsequently impairs her ability to sustain 
the growth o f the placenta, and fetus in late pregnancy. Coronary heart disease, however, 
seems to originate in adaptations made by the fetus to inadequate delivei-y o f nutrients
[97]. Findings, which support this view, were also reported form India; and reemphasised
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the importance o f nutrition for women o f child bearing age, and the pregnant women
[98]. Again the same study group showed that mother’s diet in pregnancy linked to the 
blood pressure o f their offspring in adult life [99]. Recent findings suggest that human 
fetuses have to adapt to a limited supply o f nutrients, and in doing so they permanently 
change then physiology and metabolism. These “programmed” changes may be the 
origins o f diseases in later life, including coronary heart disease, and the related 
disorders, stroke, diabetes, and hypertension [100-115]. High circulating levels o f 
cholesterol, especially low density lipoprotein cholesterol (LDL-C), clotting factors 
fibrinogen, and factor VII are associated with increased risk o f myocardial infarction. 
Variations in the plasma levels o f these factors aie determined in part by polymorphism 
in the concerned genes, and also by weight at 1 year of age. Barker and his co-workers 
looked at the possibility o f interactions between these genetic factors, and infant weight 
as related to the increased risk o f myocardial infarction in later life. More studies, 
according to the investigators, are needed since no significant relations were found [116]. 
In order to determine whether age at menopause is related to bhth size. Barker and his co­
workers concluded that low birth size and low weight gain may be associated with a 
reduced number o f primordial follicles in the ovary which could lead to an earlier 
menopause [117].
In adolescent girls, the tendency to store fat on the trunk rather than the limbs, 
appears to be also programmed by growth in fetal life, and it is more evident in 
oveiiveight adolescent girls as reported by Barker and his co-workers [118]. The 
importance o f tracking o f hypertension in children into adulthood was also emphasised 
by the Saudi Investigators. According to the authors, such tracking could provide 
information on the risk factors o f adult hypertension, and help to design long-tenm 
preventive public health programs [119]. A cohort study, covering 740 White and 
Hispanic women, at the East Boston Health Centers revealed that reducing active 
maternal smoking during pregnancy may have a beneficial impact on infant size at birth. 
Authors speculated that prevention and reduced active smoking among women o f child 
healing age is likely to have significant beneficial impact on infents’ growth and 
development [120]. Other studies also suggest that smoking through its effect on fetal 
growth is likely to be a major avoidable cause o f sudden infant death syndrome, which is
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associated with maternal smoking and low birthweight [121]. A review article by Barker, 
providing an overview o f previous studies on the fetal undemutrition and in utero 
programmed changes in later Hfe, continued to draw interest, concern and even some 
controversies in 80’s as well [122]. Cushing et al., suggested that breast- feeding reduces 
the severity o f infant respiratory illnesses during the first 6 months o f life, and the 
benefits of breastfeeding vary with age and do not extend beyond the first 6 months of 
life [123]. A study, designed to investigate the relation of infant feeding practices to 
childhood respiratory illnesses, growth, body composition, and blood pressure, revealed 
that breastfeeding o f 16 weeks and late introduction of solid food may have beneficial 
effects on childhood health, and subsequent adult diseases in later fife [124]. Looking into 
the adverse socio-economic conditions m childhood, and causes of specific adult 
mortality. Smith and his associates concluded that deprivation, and poor socio-economic 
circumstances in childhood influence the risk o f mortality fi'om coronary heart diseases, 
and respiratory illnesses in adulthood. Mortality fi'om lung cancer, other cancers, 
accidents and violence is predominantly influenced by risk factors, which are related to 
social circumstances in adulthood [125].
Examining the health status o f very low birthweight boys at the age o f nineteen, 
Ericson and Kallen observed the followings. These boys had more visual and hearing 
impairments, were prone to higher risk o f cerebral palsy, and other signs o f mental 
impairment, lower intelligence scores and shorter schooling. Impaired vision was clearly 
more prevalent with a strong effect on strabismus. Stature was shorter, body weight lower 
and body mass index lower in very low birthweight boys than in control, with low 
muscular strength and physical capacity [126]. Similarly, low birthweight cohort in 
Northern Finland, during the first 14 years o f life, experienced more hospitalisation, and 
received sick pensions at the age o f 24 years [127].
Comparing the blood pressure o f very low birthweight infents with those o f 
normal birthweight, controls in adolescence, Pharoah and his associates concluded that 
theii' study supports the hypothesis that in adolescents, variations in systolic blood 
pressure have their origins in fetal development. It is also plausible that adverse social 
and economic influences initiate their cardiovascular effects during fetal development 
and are compounded during childhood, adolescence, and adulthood [128]. In order to
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determine whether women who are poorly nourished in early pregnancy or who have 
poor pregnancy weight gain have offspring with higher blood pressure. Barker and his 
associates evaluated 296 11-year-old children born to women who had taken part in a 
study o f nutrition in pregnancy. They concluded those women who were poorly 
nourished in early pregnancy, and reduced pregnancy weight gain was associated with 
higher blood pressure in 11-year-old offspring. It is suggested that fetal adaptations to 
poor maternal nutrition lead to elevated blood pressure in childhood, but adequate 
maternal weight gain during pregnancy may protect against this [129]. Again, in order to 
determine whether poor uterine growth may be e^sociated with increased blood pressure 
and hypertension in adulthood, investigators concluded that fetal size may be inversely 
related to systolic blood pressure in childhood in an Affican population [130]. A case 
control study in order to investigate prenatal and early life risk factors for type I (IDDM) 
Diabetes mellitus, concluded that preeclampsia may be the result o f an immunogenic 
incompatibility between mother and fetus, and this early immunological disturbance 
might be related to the incidence o f diabetes (type I) in later life [131]. A group o f 
reseai'ch workers investigated glucose tolermice in people born around the time o f famine 
in the Netherlands during 1944-45. Reduced growth in utero is associated with type 2 
(NIDDM) diabetes and impaired glucose tolerance in adult life. Study indicates that 
prenatal exposure to famine, especially during late gestation, is linked to decreased 
glucose tolerance in adults. Poor nutrition in utero may lead to permanent changes in 
insulin-glucose metabolism, even if the effect on fetal growth is small. This effect of 
famine on glucose tolerance is especially important in people who become obese [132]. 
Looking into fetal growth and hyperinsulinaemia in adult life, the investigators concluded 
that plasma insulin concentrations in adult life were more strongly related to abdominal 
cii'cumference at birth than to birthweight. Since abdominal circumference at birth is an 
indicator o f the growth o f the liver in fetal life, one interpretation o f these findings is that 
the sensitivity of the liver to insulin is permanently reduced if the intrauterine 
development of this organ is impaired [133]. Investigating the size at birth, maternal 
weight, and type (NIDDM) diabetes in Southern India, the authors speculated that the rise 
in type II diabetes in Indian Urban populations may have been triggered by mild obesity
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in mothers, leading to glucose intolerance during pregnancy, macrosomie changes in the 
fetus, and insulin deficiency in adult life [134].
Again a study at the University o f Southampton, UK, provides the first evidence 
that intrauterine programming o f the hypothalamic-pituitary-adrenal axis (HPAA) may be 
a mechanism underlying the association between low birthweight and the insulin 
resistance syndrome in adult life [135]. Neuromotor ability o f five to seven year old 
children with very low, or extremely low birthweight also received some attention during 
eighties. The main findings were a slower reaction time, lower maximal cycling speed, 
and lower coordination scores [136]. Scientists in the Netherlands also looked into the 
relationship between childhood socio-economic status and health problems in later life. 
The results showed an independent effect o f childhood socio-economic status on adult 
health. The influence o f childhood economic circumstances was the same in all adult 
socio-economic groups [137].
Interest, concern and controversies around human fetuses, and the “programmed” 
changes effecting health in later life have continued throughout the nineties and beyond. 
Findings in the 1980s suggest that human fetuses have to adapt to a limited supply of 
nutrients and in doing so they permanently change their physiology and metabolism. The 
“programmed” changes may be the origins o f a number of diseases m later life, including 
coronary heart diseases, related disorders, diabetes, hypertension, [138], as well as 
neonatal morbidity, and neurodevelopmental disabilities [139], and may permanently 
impair the development o f immune function in later life [140]. Mathews, et al., however, 
stated that concern over the impact o f maternal nutrition on the health o f the infant has 
been prematuie. Maternal nutrition, at least in industrial populations, seems to have only 
a small effect on placental and birthweights, and they suggested that other possible 
determinants o f fetal and placental growth should be investigated [141]. Sorensen and his 
co-investigators suggest that genetic and/or environmental factors operating both during 
the pre- and post-natal period may be responsible for the association between birth length 
and adult height. They found a clear association between birth length, birthweight, and 
the adult height; and the association was most pronounced for birth length [142]. 
Studying the influence o f socio-economic conditions on growth in infancy, investigators 
concluded that growth m the 1^ yeai' o f life is likely to reflect a number o f environmental
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influences, and some o f which may continue to have effects throughout early life and 
beyond [143]. Looking into other possibilities, as a new dimension to the Barker 
hypothesis, Hoy and his co-workers concluded that low birthweight contributes to renal 
disease in this high-risk population. This association might be mediated through impaired 
nephrogenesis caused by intrauterine malnutrition [144]. As it has been reported earlier, 
low birthweight, thinness, and short body length at birth are now known to be associated 
with increased rates o f cardiovascular disease, and type II (NIDDM) diabetes in adult life. 
The Barker’s fetal origin hypothesis proposes that these diseases originate through 
adaptations, which the fetus makes when it is undernouiished. These adaptations may be 
cardiovascular, metabolic or endocrine; and they permanently change the structure and 
function o f the body [145-150]. Data from the earlier epidemiological studies have shown 
a close correlation between intrauterine growth retardation, and the onset o f insulin 
resistance, type II (NIDDM), Hyperlipidaemia, and cardiovascular diseases in adult life. 
Recently, Cianfarani and his co-investigators speculated that the secondary insulin 
resistance, when associated with other risk factors such as genetic predisposition or 
obesity, may eventually lead to type II (NIDDM) which would represent potential long 
term consequences o f catch-up growth in intrauterine growth retarded children [151]. An 
alternative explanation o f the association o f low birthweight with diabetes and vascular 
disease has been proposed by Hattersley and Tooke. According to the authors, the 
predisposition to NIDDM and vascular disease is likely to be the result o f both genetic 
and environmental factors [152]. Other findings supports the theory that environmental 
factors in early Hfe play a role in the development o f diabetes many years later [153].
Interest in hypertension, within the framework o f Barker’s hypothesis, continued 
to attract responses from all comers o f the world. Barros and Victora, in their research in 
Brazil, re-confiimed that the elevation o f blood pressure during adolescence only occurs 
when there was intrauterine growth retardation (lUGR) [154]. Others, however, 
concluded that accelerated growth does not seem to underline the birthweight and blood 
pressure association (the Avon longitudinal study o f pregnancy, and childhood 
(ALSPAC) in 1994-1996 [155]. Studying the blood pressure in adults after prenatal 
exposure to famine, Dutch famine of 1944-1945, Roseboom and his co-workers 
concluded that high blood pressure was not linked to prenatal exposure to a balanced
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reduction o f macronutrients in the maternal diet. It was, however, linked to reduced fetal 
growth. They postulated that it might be the composition rather than the quantity o f a 
pregnant woman’s diet that affects her child’s blood pressure in later life [156], Recently 
Rabbia and his associates, in their research designed to evaluate the relation of 
bhthweight to blood pressure in adolescence, controlling all factors related to blood 
pressure, concluded that intrauterine environment, as reflected by birthweight, has httle 
effect on blood pressure in early adolescence without concomitant maternal diseases o f 
environmental conditions leading to severe placental hypo-perfusion [157]. Looking into 
the prevention o f adult hypertension, Lagomarsino emphasised the role o f paediatricians, 
and pointed out that paediatricians should be the mainstay in the implementation o f the 
known preventive strategies [158]. Behavioural aspects of the low birthweight in later life 
have also received some attention. Horwood and his co-workers, in their study designed 
to investigate cognitive, behavioural, and educational outcomes in middle childhood 
among a birth cohort of very low birthweight children, concluded that premature and very 
low birthweight infants are at increased risk o f longer term morbidity, and functional 
impairment in middle childhood [159]. Interest, concern and controversies on Barker’s 
fetal origin hypothesis continue at the turn o f the 2T^ century as well [160-166]. 
Considering the overall benefits o f breastfeeding, investigators concluded that exclusive 
breastfeeding seems to have a protective effect against some risk factors for 
cardiovascular disease in later life [160]. The replication o f the UK findings, carried out 
by Godfrey and Barker, has led to wide acceptance that low rates o f fetal growth are 
associated with cardiovascular disease in later life [161].
The fetal origin hypothesis proposes that the diseases in adult life originate 
through adaptations, which the fetus makes when it is undernourished. These adaptations 
may be cardiovascular, metabolic or endocrine. They permanently change the structure 
and function of the body, possibly related to imbalances in nutrient supply to the fetus 
[162]. Eriksson and his associates, examining the hospital admissions and deaths from 
stroke among 3,639 men who were born in Helsinki University Hospital during 1924 to 
1933, concluded that stroke may originate through reduced fetal growth, with low body 
weight and short body length at birth, but “Sparing” o f head growth. Stroke risk is further 
increased by adverse influences linked to low income [163]. In developing countries such
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as a China, improved and better nutrition in girls, and women o f childbearing age may 
offer long-term benefits to offspring in later life [164]. Studies among the Bahrainis also 
showed that both hypertension and diabetes are associated with low educational status, 
which in this population is a marker for socio-economic deprivation in early life. This 
suggests that the risk o f hypertension may be set by environmental fectors in early life
[165]. Similarly, Kulumbiene and his associates also concluded that childhood blood 
pressure is related to adult levels, and is a significant predictor o f adult blood pressure
[166].
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Hypothesis & Objectives:
The major objective o f the study, both prospective, and retrospective, is to test the 
Barker “fetal origin hypothesis” that nutrition in early life influences the disease pattern 
in later life.
The study tried to shed some lights, and confirm the following relationships:
1. Further investigate the relationships between infant body size, placental weight, 
blood pressure, and lipid profile in late infancy, and
2. Whether the relationship between high blood pressure, and low birthweight is 
initiated in uterus, or during infancy.
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Chapter 3
Subjects and Methods 
3.1. Subjects and Methods of The prospective study
(Infants at birth, six weeks and one year of age)
3.1.1. Introduction
All regions of Saudi Arabia were served by a network of 186 Hospitals in 1999 
covering both urban and rural areas. Sixteen maternity and children hospitals, 
comprising 3688 beds, covered by 1246 paediatricians, 971 Obstetrician, 
Gynaecologists. Total of deliveries in 1999 at MOH Hospitals were 261,200 births. 
Each hospital provides health services to a well-defined area. There is a well- 
functioning system for antenatal care, with timely follow-up. The referral system and 
feedback between PHCC and hospitals is adequate. It is mandatory to keep the 
mother’s maternity cards in the family file as reference for future pregnancies. This 
card contains all data relevant to the mother before, during and after each pregnancy, 
as well as the pregnancy outcome.
3.1.2. Setting & Administration
The study was carried out in Prince Salman Bin Abdulaziz Hospital in Riyadh, 
Saudi Arabia. The hospital was inaugurated on the 20*^  of October, 1984. It is 
geographically located on the Western part of Riyadh, serving the neighbouring areas 
of Al-Aieja, Dakhl Al-Mahdoud, Al-Suweidi, Sultana, Al-Fawaz, Al-Badia and Al- 
Shifa with a population o f200,000, approximately.
The candidate, Mr. Khalid Saad Al-Mugbel, BSc., MPhil, as principal 
investigator (PI), was personally in charge of all administrative responsibilities of the 
research, as well as its implementation throughout the duration of the project. The PI 
was personally involved, and supervised the trained health auxiliaries in their data 
collections, recordings, mid the administration of questionnaires so that every thing 
was carried out smoothly as planned, without any discrepancies. The anthropometric, 
and biochemical measurements were also personally supervised, and made sure that the 
recordings were done with precision.
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The hospital is a level two-referral centre with 16 Primary Health Care Centres, 
and with a capacity of 264 beds. The Department of Obstetrics and Gynaecology is 
allocated 90 beds and 4 delivery rooms. The annual number of deliveries was over 
6000 for the year 1999. The Department of Paediatrics adopted the room-in-system in 
October 1985. Due to the increasing number of deliveries, the Special Care Baby Unit 
(SCBU) now has 35 cots, which are divided, into three sections. The first section, the 
Neonatal Intensive Care Unit (NICU) has 5 beds. The second section, the Isolation 
Room has 4 beds while the third, the Special Care Baby Unit (SCBU) utilizes the 
remaining 26 beds. The Neonatal Intensive Care Unit is equipped with five ventilators.
3.1.3. Study Design
This was a hospital-based study, with over a year’s period follow-up, for 
children born in Prince Salman Hospital, Riyadh, Kingdom of Saudi Arabia. The 
sampling units were women who had given birth. The sampling was carried out 
systematically. Every fifth child born on the delivery room order of deliveries was 
selected in the obstetric ward. A total of 1026 Saudi newborn infants form the basis of 
the present study.
3.1.4. Eligibility criteria for infants included in this study:
1. Saudi children bom at Prince Salman Hospital
2. Through a normal vaginal delivery
3. Born to mothers who were free fi'om preeclampsia, diabetes mellitus and other 
chronic diseases. Babies with major congenital malformations were excluded.
4. Consent of the mother is secured.
3.1.5. Study tools
The study included the following tools:
1. Questionnaire
2. Anthropometric Measurements
3. Haematological and biochemical parameters
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3.1.6. The Questionnaire (at birth)
Mothers were interviewed by a trained midwife within 24 hours of delivery, 
using a structured questionnaire. Form A (appendix 1). Information was obtained on 
the following. It was made sure that mothers understood the questionnaire, and 
standard responses were secured.
1. Mothers’ current age
2. Age at marriage
3. Educational status of the mother
4. Employment status of the mother and her husband
5. Parity
6. Number of children and age of the youngest child
7. Prenatal care during current pregnancy
8. Gestational age
9. Date of birth of the newborn
10. Sex of the newborn
3.1.7. Anthropometric Measurements
A registered nurse (RN), who was trained and certified in anthropometric assessments, 
was utilised for all the measurements. And a proper supervision was provided by the 
principal investigator.
1. Mother’s Height
The heights of mothers were measured to the nearest 0.1 cm using a wall fixing 
stadiometer, precision height measure for secure wall mounting, and counterbalanced 
headpiece for very accurate measurements.
2. Birth Weight
The birth weight of the newborn was measured, without clothing, immediately 
after birth, on an infant beam balance, which was calibrated daily for accuracy. The 
weight was recorded to the nearest 10 grams. The measurement was repeated three 
times and the average was recorded.
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3. Recumbent Length
An infant measuring board was used to determine crown-to-heel length with 
the neonate lying flat and legs extended and head supported. The measurement was 
repeated 3 times and the average was recorded.
4. Head Circumference
The head circumference (occipital frontal) was measured to the nearest 
millimetre with an inelastic tape. The measurements were repeated 3 times and the 
average was recorded.
5. Abdominal Circumference
The abdominal circumference of the newborn was measured at birth. The infant 
was placed on an inelastic tape at level of greatest girth of the abdomen. The 
measurement was repeated three times and the average was recorded to the nearest 0.1 
cm.
6. Placental Weight
The placental weight was recorded immediately after birth of the newborn. The 
placenta was placed in a light plastic bag for weighing in a kidney dish. An Electronic 
Scale with digital reading was used.
3.1.8. Blood Pressure Measurement
Blood pressure (systolic and diastolic) of the newborn was measured within 1-2 
hours of birth using the portable Dinamap monitor model 8100. A disposable cuff of 
appropriate size was wrapped and covering 2/3 ai'ound the upper left arm of the infant. 
Two readings were taken at an interval of 5 minutes and the average of both systolic 
and diastolic pressures were recorded. Readings were taken only when the baby was 
at rest. No blood pressure recordings were made once the neonate started crying. 
Babies suffering from respiratory distress, hypothermia or requiring active resuscitation 
were all excluded from the study. A paediatric nurse carried out the procedure 
described.
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3.1.9. Haematological and Biochemical Parameters
Cord Blood Sample was collected immediately after the delivery. Two 
millilitres (ml) were collected into the EDTA tubes for a complete blood count, and 5 
millilitres (ml) into plain tubes for biochemical tests. A certified medical technologist 
with specialty in haematology, and serology was in charge of the haematological 
parameters. A accordingly, the hospital biochemistry clinic carried out the routine 
biochemical analysis, as it was done for all the patients.
a) Haematological Parameters 
Complete Blood Count (CBC)
The CBC was done with Sysmex NE-8000 automated blood cell counter. 
Blood smears were made where indicated, and stained by the Wright’s- Giemsa 
method, (substituting Wright’s stain for May — Gmnwald — Giemsa method) [168]. 
Cell morphology in the blood smear was assessed by the consultant haematologist. 
Blood counts which were outside the reference range for newborn were double 
checked with Coulter Counter (Model T-540).
b) Biochemical Parameters
The blood samples in the plain tubes were analysed on the Automated Clinical 
Chemistry analyser (DuPont Dimension). All the tests were done within 6 hours of the 
collection of the samples. The following biochemical parameters were measured:
Albumin 
Total protein 
Creatinine
Blood urea nitrogen (BUN)
Total cholesterol and high density lipoprotein (HDL)
Triacylglycerol (TAG)
Random blood sugar (done for only retrospective subjects)
Magnesium 
Calcium 
Phosphorus 
Iron
Sodium, potassium and chloride (Na, K, Cl )
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1. Albumin
The ALB method is used in the DIMENSION Clinical Chemistry System. It is 
an in vitro diagnostic test for quantitative determination of albumin in serum and 
plasma. The ALB method is an adaptation of the bromocresol purple (BCP) dye- 
binding method reported by Carter, Lauderback[169,170]. The BCP binds to albumin 
at pH 4.9. The amount of albumin -BCP complex is directly proportional to the 
albumin concentration. The instrument automatically calculates and prints the 
concentration of albumin in (g/L).
2. Total Protein
This method is a modification of the Biuret reaction [171,173]. Cupric ion 
(Cu^) reacts with tyrosine peptide linkage of protein in a basic solution. The blue 
copper protein complex thus formed is proportional to the total protein in the sample, 
and is measured using a bichromatic endpoint technique. The DIMENSION System 
automatically calculates and prints the concentration of total protein in (g/L).
3. Creatinine
The creatinine method employs a modification of the kinetic Jafife reaction 
reported by Larsen [174]. In the presence of a strong base such as NaOH, picrate 
reacts with creatinine to form a red chromophore. The amount of chromophore is 
directly proportional to the creatinine concentration in the sample and is measured 
using a bichromatic technique. The instrument automatically calculates and prints the 
concentration of creatinine in (pmol/L).
4. Urea Nitrogen
The urea nitrogen method employs a urease/ glutamate dehydrogenase coupled 
enzymatic technique [175]. The instrument automatically calculates and prints the 
concentration of total protein in (mmol/1).
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5. Glucose
The glucose method is an adaptation of the hexokinase - glucose - 6-phosphate 
dehydrogenase method [176]. The method is more specific than general reducing 
methods and will give results lower than those obtained by such reducing methods. 
The instrument automatically calculates and prints the concentration of glucose in 
(mmol/1)
6. Total Cholesterol
The principle of the method is that cholesterol esterase (CE) catalyses the 
hydrolysis of cholesterol esters to produce fi-ee cholesterol which, along with pre­
existing free cholesterol, is oxidised m a reaction catalysed by cholesterol oxidase(CO) 
to form cholest - 4- ene -3- one and hydrogen peroxide.
In the presence of horseradish peroxidase(HPO), the hydrogen peroxide produces a 
chromophore that absorbs light at 540 ran, Areport[177]. the concentration of Total 
cholesterol in (mmol/1).
7. High density lipoprotein cholesterol (HDL)
The HDL method is based on separation of lipoproteins by a polyanion reagent, 
followed by enzymatic cholesterol analysis [178]. The instrumei^t automatically 
calculates and prints the concentration of HDL in (mmol/1).
8. Low density lipoprotein cholesterol (LDL)
HDL cholesterol was estimated by using the Friedwald formula: 
LDL-Cholesterol = Total cholesterol -  (HDL-C + TAG/2.19) mmol/1
(Friedewald formula) [216,217]
9. Triacylglycerol (TAG)
The Triacylglycerol (TAG) method is based on an enzymatic procedure in 
which a combination of enzymes is employed for a kinetic bichi'omatic measurement of 
serum Triacylglycerol (TAG). The instrument automatically calculates and prints the 
concentration of Triacylglycerol (TAG) in (g/L).
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10, Magnesium
The magnesium method is a modification of the methylthymol blue (MTB) 
complexometric procedure described by Connerty [179]. The MTB forms a blue 
complex with magnesium. The instrument automatically calculates and prints the 
concentration of magnesium of (mmol/1).
11. Calcium
Calcium reacts with calcium o-cresolphthalein complexone (OCPC) to form a 
purple complex[180]. The amount of complex formed is proportional to calcium 
concentration and is measured using a bichromatic (577, 540nm) endpoint technique. The 
instrument automatically calculates and prints the concentration of calcium in (mmol/1).
12. Phosphorus
The principle is that inorganic phosphate combines with molybdate (Mo04) in an 
acid solution to form a complex, which is reduced by p-methylaminophenol sulphate 
(PMAPS) and bisulphate. The 340-nm absorbance of reduced phosphomolybdate, 
proportional to the inorganic phosphorus concentration, is measured using a bichromatic 
(340,383nm) endpoint technique. The instrument automatically calculates and prints the 
concentration of phosphorus in (mmol/1).
13.Iron
Under acidic conditions (pH4.5), iron bound to the protein transferrin is released in 
the presence of the reducing agent, ascorbic acid. The resulting product Fe% forms a blue 
complex with Ferene (diagnostic chemical LTD Charlottetown, P.E.I., CanadaC 1A4H5). 
The absorbance of the complex is measured using a bichromatic endpoint technique the 
instrument automatically calculates and prints the concentration of Iron in (pmol/1) [181].
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14. Sodium, Potassium and Chloride (Na, K, Cl)
The method is based on calibration points for the Sodium, Potassium and 
Chloride of the ISE Subsystem of Dupont Dimension Chemistry analysers.
3.1.10. The Second Visit (at six weeks)
Upon discharge from the hospital, mothers were given an appointment 
(Appendix 2) to come for second visit when the infant was 6 weeks of age. During the 
visit the measurements were repeated, blood samples drawn and the questionnaire, 
form B was filled, (Appendix 3). The mothers were reminded 24 hours before 
scheduled appointment by the social worker. A total of 760 mothers who had been 
seen at birth kept their appointment. Dropout tracing was carried out through 
telephone communication by the social worker. However, the mothers without 
telephone could not be traced.
3.1.11. The Third Visit (at one year)
The mothers were given an appointment (Appendix 2) to come for 3*^  visit 
when the infant was one year of age. During the visit the measurements were repeated, 
blood samples drawn and the questionnaire, form C was filled in, (Appendix 4). The 
mothers were reminded 24 hours before their scheduled appointment by the social 
worker. A total of 618 mothers who had been seen at 6 weeks kept their appointment.
3.1.12. The pilot study
A phot study was conducted during October 1995. The objective of the pilot study 
was to evaluate tools for data collection and check logistics needed for the study. The pilot 
study was conducted on 20 mothers delivered at Prince Salman Hospital. The mothers 
involved in the pilot study were not included in the actual study.
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3.1.13. Data Handling Analysis
1. Handling
The data were stored on a database file, and then the database file was entered 
into SPSS/PCH-, using the data entry facility, and subsequently merged with the original 
data file. Variables were listed, and the data verified to check if the merging process 
had been successful.
2. Analysis
The data were categorised, analysed and statistically interpreted by using the 
Statistical Package for Social Science SPSS/PC+V9.0. Normal distributions of data were 
confirmed using the Kolmogorow-Smirnow goodness-of first test. Where normal 
distributions were confirmed data analysed using parametric methods including t-tests 
(paired and unpaired) and analyses of variance as appropriate. To examine data subsets of 
different subject numbers, the Schefife’s test was used, as this provides appropriate error- 
correction for unequal group size. Additionally the Schefife’s test is particularly 
conservative, thereby ensuring the robustness of the analysis examination of the 
relationships between variables was carried out using regression the Peaison correlation 
coefficient [182].
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3.2. Subjects and Methods of the Retrospective study
(Children at 3-15 years of age)
3.2.1. Introduction
All regions o f Saudi Arabia are served by a network of 1756 Primaiy Health 
Care Centres (PHCC) in 1999 covering both urban and rural areas. Each centre 
provides health services to a well-defined catchments’ area. Each family in the 
catchments’ area has a femily health file that is used for eveiy visit. There is a well- 
functioning system for early booking for antenatal care, with timely follow-up even in 
the postnatal period. The referral system and feedback between PHCC and hospitals 
are adequate. It is mandatory to keep the mother’s maternity cards in the family file as 
reference for fiiture pregnancies. This card contains all data relevant to the mother 
before, during and after each pregnancy, as well as the pregnancy outcome.
3.2.2. Setting
The study was carried out in Deraya Primary Health Care Centre (DPHCC), 
Riyadh, Saudi Arabia. The DPHCC was inaugurated in 1981. It is located in the 
Northern part of Riyadh, serving the neighbouring areas of Al-Khaldeya, Al-Faisaleya, 
Old Deraya, Prince Salman area, Al-Olab, Al-Mureeh, Al-Deraya Farms, and Al-Agig, 
with population o f20,000, approximately.
The DPHCC, a level one-referral general PHCC, is about 9 km from The King 
Khalid Hospital at King Saud University, with 40 persons employed. It has paediatrics 
clinic, an Obstetric clinic, and nutrition clinic. Then it has had health education, with 
the Special Maternal Baby Care, jointly with King Saud University. The monthly 
numbers of prenatal and postnatal patients were 5500 for the year 1999.
3.2.3. Study Design
We conducted a cross-sectional retrospective study by collecting the data from 
medical records of primary health care patients of Al-Deraya primaiy health care 
centre. The case notes in the medical records libraiy are arranged in cabinets with 6 
shelves m each cabinet. Every shelf contained about 100 files. For random sampling.
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every 4^  ^ file was taken from each shelf. Therefore data were collected for 1505 
children (boys and girls). Their ages were between 3-15 years. The study traced their 
medical records with maternal information (anaemia, placental weight, height), and 
children’s information at birth (birthweight, recumbent length, head circumference, 
date of birth). After that these children were contacted in nursery, and schools for 
follow up; they were recalled for anthropometric measurements (weight, height, mid 
arm circumference, head circumference), blood pressure measurements; blood samples 
were collected for haematological and biochemical measurements. Trained nurses and 
medical health auxiliaries assisted in all these routine data collection.
3.2.4. Eligibility criteria for children included in this study
1. Saudi school children whose birth information was recorded at DPHCC, Riyadh
2. Through a normal vaginal delivery
3. Born to mothers who were free from preeclampsia, diabetes mellitus, and other 
chronic disease.
4. Consent of the mother is secured.
3.2.5. Study tools
The study included the following tools:
1. Questionnaire
2. Anthropometric Measurements
3. Haematological and biochemical parameters
3.2.6. The Questionnaire
A structured questionnaire was used for the retrospective study (Appendix 5). 
Information was obtained on the following:
1. Maternal information (anaemia, placental weight, height), obtained from 
medical record.
2. Newborn information (date of birth, recumbent length, birthweight, head 
circumference), obtained from medical record.
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3. Child information (current age, weight, height, head circumference, mid arm 
circumference, blood pressure measurements, haematological and biochemical 
measurements), recalled for measurements from nursery, and schools.
3.2.7, Anthropometric Measurements
A trained nurse with specialty in anthropometric assessment was assigned to carry out 
the selected anthropometric measurements.
1. Children Weight
Electronic Weighing Fieldwork Scale was used. The subjects were stood over 
the centre of the platform with the body weight evenly distributed between both feet. 
Light indoor clothing was worn, excluding shoes. The measurement was repeated three 
times and the average recorded.
2. Children Height
Portable Stadiometer for Fieldwork Studies was used. The measurements were 
made with the subject in a standing position, that is, erect with the heels together and 
the upper limbs hanging at the sides, and the head erect, looking straight ahead. The 
measurement was repeated three times, and the average recorded.
3. Mid arm Circumference
The arm circumference measured with subject sitting erect with the back 
straight, asked to bend arm, laid the hand across the stomach, and the head in 
Frankfort Plane. A non-stretchable measuring tape was placed from the acromial 
process to tip of the elbow (olecranon process), and marked the midpoint of the arm.
4. Head Circumference
The head circumference (occipital frontal) was measured to the nearest 
millimetre with an inelastic tape. The measurements were repeated 3 times and the 
average was recorded.
55
_______________________________________________________   Chapter 3
3.2.8. Blood Pressure Measurement
Blood pressure (systolic and diastolic) of the children was measured using the 
portable Dinamap monitor model 8100. A disposable cuff of appropriate size was 
wrapped and covering 2/3 around the upper left arm of the child. Two readings were 
taken at an interval of 5 minutes and the average of both systolic and diastolic 
pressures were recorded while the subject at rest.
3.2.9. Haematological and Biochemical Parameters
Age group: children aged between 3 - 15  years old 
Sex: Both (Boys & Gnls)
Tests required
1. Blood Urea
2. Glucose
3. Creatinine
4. Sodium
5. Potassium
6. Chloride
7. Calcium
8. Magnesium
9. Total Serum Protein
10. Albumin
11. Cholesterol
12. Triacylglycerol (TAG)
13. HDL-Cholesterol
14. Iron
15. CBC
Sample Requirements
Two (2) blood samples are required to do the tests listed above.
1. Five ml whole blood in a plain blood collection tube (Red top) for test number 
1 -  13. (Bio-chemical analysis)
2. Two 3 ml of whole blood in the blood collection tube with EDTA as 
anticoagulant (Green top or Pink top) for CBC (Haematological analysis).
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Procedure
The Laboratory technicians in the Primary health Care Centre (PHCC) were 
given the instructions to collect the blood samples from the selected group of children 
and to send them to the Prince Salman Bin A’Aziz Hospital for analyses.
Instructions
a. Use a 10 ml syringe and a 21 gauge butterfly needle for the vein puncture. (To 
avoid haemolysis, reduce the pain and to collect sufficient quantity)
b. Identify the child and label the collection tubes
c. Make a clean vein puncture, and coUect about 7-8 ml of blood.
d. Remove the butterfly, and introduce slowly about 2-3 ml into the CBC tube 
and mix well. Introduce the remaining blood into the plain tube.
e. Allow the blood for the biochemical analysis to clot well at room temperature. 
(30 -  60 minutes)
f. Centrifijge the clotted tube at 3000 rpm for 5 minute to separate the serum.
g. Transfer the serum into another labelled plain collection tube (White top. 
Screw capped) using a disposable Pasteur pipette.
h. Separately arrange the serum samples and the CBC samples and keep them in 
the refrigerator until transported to Prince Salman Hospital.
i. Send these samples in an ice box to Prince Salman Hospital Laboratoiy to 
process as soon as possible
Sample Processing
The Biochemical analyses on the serum samples were done on an Automated
Clinical Chemistry Analyser (DuPont Dimension).
The Haematological Analysis (CBC) was done on Coulter Counter (Model T540).
3.2,10, The pilot study
A pilot study was conducted during October 1995. The objective of the pilot study 
was to evaluate tools for data collection and check logistics needed for the study. The pilot 
study was conducted on 20 children. Their medical records at Deraya Primaiy Health Care
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Centre were utilised. The children involved in the pilot study were not included in the 
actual study.
3.2.11. Data Handling Analysis
1. Handling
The data were stored on a database file, through Epi Info, Version 6; the 
programmes, made available by WHO and CDC, were for handling the epidemiology 
data in a questionnaire format and for organising the study designs. This included 
features used by epidemiologists in statistical programmes such as SAS or SPSS and 
database programmes. We computerised a questionnaire form then entered data using 
the ENTER progrranme; entering data means typing the appropriate variables in the 
blanks on the screen. Inserted error checking, skip patterns, compared duplicate files, 
and automatic coding m the questionnaire using the CHECK programme. Selected 
records, created new variables, recoded data, and manipulated dates. The data was 
analysed, using the ANALYSIS programme to produce lists, frequencies, cross 
tabulations, means, and accompanying statistics. After that converted (exported) data 
file fi'om Epi Info to produced a file for SPSS-PC and the data verified to the check the 
merging process had been successfijl.
2. Analyses
The data were categorised, analysed and statistically interpreted by using the 
Statistical Package for Social Science SPSS/PC+V9.0.Noimal distributions of data were 
confirmed using the Kolmogorow-Smirnow goodness-of first test. Where normal 
distributions were confirmed data analysed using parametric methods including t-tests 
(paired and unpaired) and analyses of variance as appropriate. To examine data subsets of 
different subject numbers, the Schefife’s test was used, as this provides appropriate error- 
correction for unequal group size. Additionally the Schefife’s test is particularly 
conservative, thereby ensuring the robustness of the analysis examination of the 
relationships between variables was carried out using regression the Pearson correlation 
coefiBcient [182].
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Results 
4. Prospective Study
(Infants at birth, six weeks, and one year of age)
4.1.Definition and Classification of variables under study:
The categorical variables from the anthropometric data are defined with the set o f rules 
and the cut off points have been decided by the following principles:
1. A newborn weighing less than 2500 gms was defined as Low birthweight. 
Between 2500-to 4000 gms were classified as Normal birthweight, and more than 
4000 gms as High birthweight. In some tables birthweight was divided into five 
categories (<2500gms, -SOOOgms, -3500gms, -4000gms, >4000gms).
2. The placental weight was classified into foui’ groups as follows:
1) Below 455 gms, 2) 455-570 gms, 3) 571-680 gms, and 4) above 680 gms.
3. The other variables such as: Head circumference, Abdominal circumference and 
Pondéral index and the derived variables such as Placental ratio, and an Index of 
Macrosomia, were classified mto three groups based on percentiles:
Group one is considered as below 25^' percentile, Interquartile Range (IQR) as 
group two from 25^ to 75^\ and group three above 75‘‘^ percentile.
4. Other variables:
i) Derived anthropometric variables:
Placental ratio (birthweight /  placental weight)
An index of Macrosomia (head circumference/abdominal circumference)
ii) Derived BP variable: Mean BP = ((SBP+DBP)/2)
iii) Derived lipid status variable:
LDL-Cholesterol = Total cholesterol -  (HDL-C+TAG/2.19) mmol/1
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Prospective Study
Variables o f the mothers, which were included in the prospective study, are 
presented in Table 4.1. Over 90% o f the babies were born to mothers who were 20 to 40 
years o f age. Over 75% o f the mothers in the study had been married when they were less 
then 20 years of age. Over 40% of the mothers were illiterate and almost all o f them were 
housewives with almost 90% o f their husbands employed by the government. For only
11.9% of the mothers this was their first baby. Almost 40% of mothers had 3 to 6 
previous children and 28.4% had more than 6 previous children. Almost 83% o f the 
mothers had reviewed prenatal care. Only three of the babies were born before 37 weeks 
gestation and were mothers o f premature babies, only 3 babies were born at <37 weeks 
but two o f those babies weighed >2499 gms and only one <2500gms, A further eight 
babies were bom afl;er 40 weeks gestation and mothers could be said to be post-mature. 
The remaining 1015(98,9%) o f the babies were born between 37-to 40 weeks gestation. 
With reference to the mothers’ height, most o f the mothers (64.9%) were 145-to 160 cm 
tall and a further 32.8% measured more than 160 cm.
It is interesting to note that almost 83% of the mothers had prenatal care, while 
remaining 17% had little or none. The range for gestational age at delivery was fi'om less 
than 37 to over 40 weeks. The majority o f mothers had delivery between 20-30 years 
(587, 57.2%). Most of the mothers were multiparous with a ratio o f 88%. There were no 
interesting associations between parity and the socio-economic status o f the mothers who 
paificipated in the study. Parity had no relation to the literacy level o f the mothers; 
however, the housewives with financial security, husbands as employees o f the 
government, were multigravidas with a rate of 88.1%. The majority o f the mothers 
(75.5%) were less than 20 years old, when they were married. Then height ranged fi'om 
140 to 174 cm.
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Table 4.1
Characteristics of the mothers included in the prospective
study
Variables n %
Age at delivery (years)
<20 72 7.0
20-30 587 57.2
>30-40 355 34.6
>40 12 1.2
Mean ±SD 27.6 ±5.9 (Range 14 - 42) years
Age at Marriage (years)
<20 775 75.5
20-30 243 23.7
>30-40 8 0.8
Mean ±SD 17.9 ±3.46 (Range 10 - 32) years
Education level of the Mothers
Literate 589 57.4
Illiterate 437 42.6
Mothers’ Occupation
Employed 16 1.6
House wife 1010 98.4
Husbands’ employment
Govt, employee 921 89.8
Private employee 16 1.6
Business men 38 3.7
Unemployed 51 5.0
Parity
Multigravida 904 88.1
Primigravida 122 11.9
No. of previous children
<3 329 32.1
3-6 406 39.6
>6 291 28.4
Mean ±SD 4.0 ±2.54 (Range 1-12)
Prenatal Care
Yes 848 82.7
No 178 17.3
Gestational age at delivery (weeks)
<37 3 0.3
37-40 1015 98.9
>40 8 0.8
Mean ±SD 39.0 ±0.39 (Range 34-42)
Mothers’ height (cm)
<145 23 2.2
145-160 666 64.9
>160 337 32.8
Mean ±SD 154.64 ±5.64 (Range 140.0-174.0)
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Maternal variables were reclassified, Table 4.2 according to birthweight 
categories o f the neonates. For mothers at age delivery less than 20 years and more than 
40 years no small and large babies were observed. Educated mothers with prenatal care, 
mothers who were not pregnant, and receiving vitamins supplements delivered babies 
within the normal birthweight range (3.0-4.0 kg). Similar relation also exists in 
multiparous mothers, with gainfully employed husbands, reflecting a financial security. It 
is interesting to not that babies with weight <2500gms & >4000gms were very few (13, 
28) respectively. Also table 4.2. Shows only 3 babies fi'om before 37 weeks o f gestation. 
One weighed less than 2500g, and the other two weighed between 2500-to 3000g. It also 
shows that o f the 1015 babies who were born between 37to 40 weeks gestation, 12 
weighed <2500gms, and 298 between 2500-to 3000gms. Table shows that 13 babies 
weighed <2500gms, and the gestational age o f those was 37-40 weeks gestation, and they 
were all over >4000gms. The majority o f the babies born after this period gestation (677) 
weighed 3500-to 4000g, but 28 o f the babies born before 40 weeks gestation, weighed 
over 4000gms. Of the 618 mothers who answered the Questionnaire, less than half were 
practicing family planning methods, less than half had food cravings and food aversions 
only 5 babies had less than 2500gms. Almost 90% of the mothers were taking vitamin 
supplements, and only 11 mothers smoked. Over half the mothers were in 
consanguineous marriages.
The variables o f mothers according to birthweight o f neonates, indicated as Low 
birthweight (less than 2500 gms). Normal birthweight (2500- 4000 gms), and High 
birthweight, (over 4000 gms). Out o f 1026 participants at birth, 594 mothers delivered 
neonates o f normal birthweight, ranging fi'om 2500-to 4000 gms. A great majority o f the 
mothers, 98.2%, were non-smokers; and similarly most of the mothers avoided food 
aversions, 80%, and PICA (99.2%). Over 90% of the mothers received vitamin 
supplements o f some sort, 91%, including folic acid, iron, calcium, and multivitamin 
tablets. Consanguineous marriages were common, among the mothers, 55.1%, 
representing 2" ,^ and 3^^^ degree relationships with percentage values o f 27.5, 19.3, and 
8.3, respectively.
62
Chapter 4
Table 4.3. Shows the anthropometric parameters of the newborn, for both genders. 
For birthweight, <50* percentile the range for mean weight was (2.6 to 2.95kg), for 
recumbent length was (47 to 49cm), for head circumference was (32 to 33.5cm), for 
abdominal circumference was (28 to 30cm), for placental weight was (440 to 530gms), 
and for pondéral index was 21.6 to 23.8. The mean and percentile for aU variables 
measured are comparables between the sexes, and the distribution o f the variables is also 
comparable.
Table 4.4. Shows anthropometric o f the newborn, regardless o f the gender, are 
reclassified according to the age groups o f mothers. ANOVA showed a significant 
difference between age groups of mothers for all variables to Mothers with age less than 
20 years showed the lowest mean birthweight, recumbent length, head circumference, 
and abdominal circumference for newborn while mothers with age >40 years showed the 
highest mean except for pondéral index was the lowest value.
Table 4.5. Shows the systolic blood pressure as related to birthweight <2.5 
kg, and for boys the lowest mean blood pressure was obtained for birthweight groups 
>4.0 kg and the highest (68.78 mm Hg) for birthweight gioup -4 .0  kg. For gills the 
lowest systolic blood pressure was obtained for low birthweight and the highest (73.82 
mm Hg) for birthweight >4.0 kg. No significant differences existed between birthweight 
groups and sex, except at high birthweight group. For diastolic BP, the lowest diastolic 
BP was obtained for birthweight group >4.0 kg, and the highest for birthweight group 
-3.5 kg. For girls the highest diastolic BP was obtained for biithweight group >4.0 kg, 
and the lowest for birthweight group -3.0 kg. Tow-way ANOVA, sex and bufhweight for 
systolic& diastolic blood pressure separate. A significant difference between boys and 
gills were exhibited for aU birthweight groups except for low and high birthweight 
groups.
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Table 4.2
Characteristics of the mothers according to their babies’
birthweight
Birthweight group (gms)
Variables <2500g -3000g -3500g -4000g >4000g Total
n n n n n
Age at delivery (years)
<20 0 48 23 1 0 72
20-30 7 161 296 116 7 587
>30-40 6 89 157 82 21 355
>40 0 4 3 5 0 12
1026
Age at Marriage (years)
<20 6 245 345 163 16 775
20-30 7 57 126 41 12 243
30-40 0 0 8 0 0 8
1026
Education level of the Mothers
Literate 7 162 264 136 20 589
Illiterate 6 140 215 68 8 437
1026
Mothers’ occupation
House wife 13 294 472 204 27 1010
Employed 0 8 7 0 1 16
1026
Husband’s employment
Govern, employee 11 267 443 177 23 921
Private employee 1 7 7 1 0 16
Business man 0 15 10 13 0 38
Unemployed 1 13 19 13 5 51
1026
Parity
Multigravida 11 260 423 187 23 904
Primigravida 2 42 56 17 5 122
1026
No. of previous children
<3 8 109 164 43 5 329
3-6 1 105 186 104 10 406
>6 4 88 129 57 13 291
1026
Prenatal care
Yes 11 249 393 170 25 848
No 2 53 86 34 3 179
1026
Gestational age at delivery (weeks)
<37 1 2 0 0 0 3
37-40 12 298 478 199 28 1015
>40 0 2 I 5 0 8
1026
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Continued Table 4.2
Birthweight group (gms)
Variables <2500g -3000g -3500g -4000g >4000g Total
n n n n n
Mothers’ height (cm)
<145 0 12 10 1 0 23
145-160 11 177 324 140 14 666
>160 2 113 145 63 14 337
1026
Pregnancy without periods
Yes 2 23 45 20 5 95
No 6 171 222 113 11 523
618
Are you now pregnant (at one year)
Yes 2 39 52 15 0 108
No 6 155 215 118 16 510
618
Practicing family planning methods
Yes 1 77 93 63 16 250
No 7 117 174 70 0 368
618
Food craving
Yes 5 63 70 36 11 185
No 3 131 197 97 5 433
618
Food aversions
Yes 5 42 59 16 1 123
No 3 152 208 117 15 492
618
PICA
Yes 0 1 4 0 0 5
No 8 193 263 133 16 613
618
Vitamin supplements
Yes 8 170 241 126 16 561
No 0 24 26 7 0 57
618
Smoking
Yes 0 0 6 0 5 11
No 8 194 261 133 11 607
618
Consanguinity
Relation 2 94 184 55 5 340
No relation 6 100 83 78 11 278
618
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Table 4.3
Anthropometric
Variables
Newborn (n=1026)
Mean ±SD Percentile n (%)5“  10® 25® 50® 75® 90® 95®
Birthweight (kg) 3.2 0.39 <50® n-509 (49.6) 50®-90® n=416(40.5) >90“  n=101(9.8) 2.6 2.7 2.95 3.2 3.5 3.8 3.9
Recumbent length (cm) 50.2 1.97 n=346 (33.7) n=580 (56.5) n=100 (9.7) 47.0 48.0 49.0 50.0 51.0 52.0 53.0
Head circumference (cm) 34.5 1.73 n=510(49.7) n=421 (41.0) n=95 (9.3) 32.0 33.0 33.5 34.5 35.0 36.0 37.0
Abdominal circum. (cm) 31.2 3.33 n=377 (36.7) n=542 (52.8) n=107 (10.4) 28.0 28.0 30.0 31.0 32.0 33.5 34.0
Placental weight (gm) 610 113.0 n=413 (40.3) n=484 (47.2) n= 129 (12.6) 440 480 530 600 680 750 800
Pondéral Index (kg/m^) 25.5 3.68 n-494(48.1) n-401 (39.1) n=131 (12.8) 21.6 22.6 23.8 25.2 27.1 28.5 29.9
Variables
Boys (n=462)
Mean ±SD
Percentile
5 - 10® 25® 50® 75® 90® 95®
Birthweight (kg) 3.3 0.39 2.6 2.7 2.9 3.3 3.5 3.8 4
Recumbent length (cm) 50.4 2.0 47 48 49 50 52 53 53
Head circumference (cm) 34.8 1.9 32 33 34 35 35.5 37 37
Abdominal circum (cm) 31.2 1.8 28 29 30 31 33 33.5 34
Placental weight (gm) 616.4 123.2 402.5 455 543 600 680 800 850
Pondéral Index (kg/m^) 25.4 2.5 21.5 22.9 23.8 25.1 27.2 28.8 30.4
Variables
Girls (n=564)
Mean ±SD
Percentile
5® 10® 25® 50® 75® 90® 95®
Birthweight (kg) 3.2 0.39 2.6 2.7 2.9 3.1 3.4 3.8 3.92
Recumbent length (cm) 50 2.0 47 48 49 50 51 52 53
Head circumference (cm) 34.3 1.50 32 33 33.5 34 35 36 36
Abdominal circum (cm) 31.2 4.17 28 28 29 31 32 33.5 34
Placental weight (gm) 605.4 103.5 450 480 520 600 690 750 794
Pondéral Index (kg/m^) 25.6 4.40 21.6 22.4 23.8 25.2 27.1 28.1 29.8
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Table 4.4
Anthropometries of the newborn according to mothers’
age group
Anthropometric
measurements
Age group of Mothers (years)
P-value<20 years 
(n= 72)
20 -  30 years 
(n= 587)
>30 -  40 years 
(n= 355
>40 years 
(n= 12)
Birthweight (kg) 
Mean 
±SD 
Range
a*
2.9 
0.29 
(2 .5 -3 .8 )
b
3.2 
0.37 
(2 .1 -4 .5 )
b
3.3 
0.43 
(2 .5 -4 .5 )
b*
3.3 
0.34 
(2.8 -  3.7)
P<0.001
Recumbent length (cm) 
Mean 
±SD 
Range
a
49.1
1.62
(4 6 .0 -5 3 .0 )
a 
50.2 
2.00 
(34.2 -  60.0)
b 
50.3 
1.95 
(44.0 -  56.0)
b 
51.5 
1.00 
(49.0 -  52.0)
P<0.001
Head circumference (cm) 
Mean 
±SD 
Range
a
33.98
1.47
(3 0 .0 -3 9 .0 )
ab 
34.3 
1.93 
(30.0 -53.0)
ab
34.8
1.34
(3 1 .0 -3 9 .0 )
c
35.5
0.94
(3 4 .0 -3 7 .0 )
P<0.001
Abdominal circumference (cm) 
Mean 
±SD 
Range
a
30.0
2.41
(2 1 .0 -3 4 .0 )
ab 
31.2 
2.10 
(25.0 -  52.0)
ab 
31.5 
4.83 
(24.5 -  68.0)
b 
32.4 
1.73 
(28.0 -  34.0)
P<0.003
Pondéral Index (kg/m^) 
Mean 
±SD 
Range
ab
24.8
2.05
(1 9 .9 -3 0 .)
a
25.4
4.34
(1 5 .9 -5 2 .0 )
a
25.9
2.60
(19.9-37.6)
ab
24.1
2.46
(2 0 .9 -2 6 .4 )
P<0.02
F-test
*SchefFe’s test: Means in the same row followed by the same letter are not significantly different from each 
other according to Scheffe’s test.
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Table 4.5
Mean blood pressure according to sex and birthweight of the
newborn
Variables
Mean Systolic blood pressure (mm Hg)
P
value
Boys Girls
n Mean +SD n Mean +SD
Birthweight (kg)
<2.5 6 64.83 15.8 7 61.14 8.95 NS
-3 .0 118 64.77 10.6 183 66.37 12.6 NS
-3 .5 212 66.81 12.6 254 66.11 12.2 NS
-4 .0 97 68.78 11.3 105 67.74 10.6 NS
>4.0 17 62.53 9.48 11 73.82 12.5 0.012
p=0.064 for interaction, p=0.390 for birthweight, p=0.71 for sex
Mean Diastolic blood pressure (mm Hg)
Boys Girls
Variables Pvalue
n Mean ±SD n Mean ±SD
Birthweight (kg)
<2.5 6 40.00 12.4 7 38.57 5.6 NS
-3 .0 118 38.46 7.14 183 41.52 9.11 0.002
-3 .5 212 42.43 11.9 254 40.15 8.54 0.017
-4 .0 97 41.39 8.33 105 38.73 6.73 0.013
>4.0 17 37.82 5.48 11 36.82 6.06 NS
p=0.001 for interaction, p=0.119 for birthweight,/7=0.532 for sex
F-test
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Table 4.6. Shows the results o f regression analyses for systolic and diastolic blood 
pressure with anthiopometric variables o f newborn. For systolic blood pressure only 
birthweight (p=0.012), and pondéral index (p=0.003) contributed significantly. 
Recumbent length (p=0.044), abdominal circumference (0.033), and placental ratio 
(0.015) were somewhat associated with diastolic blood pressure. The set o f independent 
variables included accounted for 54% of the variation in systolic blood pressure and 48% 
for diastolic blood pressure.
Table 4.7 shows the correlation between eating behaviour during pregnancy with 
birthweight <2500, -3000, and -3500gms showed a non-significant positive and negative 
correlation with all eating behaviour. A significant positive correlation was shown for 
behaviour variables with birthweight at (>3500-to 4000 gms) while a significant negative 
correlation was observed for eating behaviour variables with birthweight greater than 
4000 gms.
The placental weight (gms) was recorded right afi;er delivery. The aim o f this was 
to determine the relationship between placental and fetal weight since these are known 
predictors o f adult blood pressme, with their roots in maternal care and nutrition, and 
may have important implications for the prevention o f adult hypertension, which appears 
to have its origin in fetal life [56]. Table 4.8 presents the placental weight as compared to 
birthweight. Mean values with standard deviation (±SD) for each category o f placental 
weight were compared to each birthweight group. ANOVA showed no significant 
difference between placental weight groups for all birthweight groups except for low and 
high birthweight groups. It is interesting to notice that means for placental weight groups 
are almost the same for each birthweight groups.
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Table 4.6
Regression coefficient for systolic and diastolic blood pressure 
according to anthropometric of newborn
Variables Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
±SD P P ±SD P
Birthweight (kg) 2.376 ±0.945 0.012 -0.360 ±0.727 0.621
Recumbent length (cm) -7.459 ±18.875 0.693 -29.169 ±14.45 0.044
Head circumference (cm) 0.207 dtO.215 0337 -0.008 ±0.165 0.961
Abdominal circumference (cm) -0.146 ±0.112 0.193 0.08 ±0.086 0.0331
Pondéral Index (weight/length^) 0.296 ±0.101 0.003 0.087 ±0.077 0.264
**Placental Ratio (%) 0.043 ±0.070 0.541 0.122 ±0.050 0.015
*P (beta) = regression coefficient
**Placental Ratio = Birthweight / Placental weight
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Table 4.7
Correlation between eating behaviour during pregnancy and
birthweight of the newborn
Variables
Birthweight group (gms) 
(n=618)
<2500 (gms) -3000 (gms) -3500 (gms) -4000 (gms) >4000 (gms)
r P r P r P r P r P
Craving -.13 0.67 -.04 0.45 -.02 0.65 0.21 .003 -.45 0.018
Aversion -.13 0.67 -.04 0.44 0.02 0.63 0.25 0.000 -.46 0.013
Pica 0.12 0.7 -.03 0.57 0.05 0.26 0.24 0.001 -.48 0.010
Vitamin Sup 0.12 0.7 -.06 0.33 0.06 0.22 0.33 0.000 -.48 0.010
r= Value of correlation coefficient is significant at the 
Significant at 0.05, and 0.01 level.
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Table 4.8
Comparison of placental weight according to birthweight of
newborn
Birthweight
group
(gms)
Placental weight (gms)
<455 (gms) 455-570 (gms) 571-680 (gms) >680 (gms) Pvalue
n Mean ±SD n Mean ±SD n Mean ±SD n Mean ±SD
<2500 5 2.4 0.16 6 2.4 0.11 1 2.3 0 1 2.4 0 NS
-3000 66 2.7 0.16 111 2.8 0.12 80 2.8 0.14 45 2.8 0.12 0.001
-3500 10 3.2 0.15 173 3.2 0.13 185 3.2 0.13 111 3.3 0.14 0.000
-4000 2 3.6 0.07 18 3.6 0.11 80 3.7 0.15 104 3.7 0.14 0.010
>4000 0 0 0 2 4.3 0.30 6 4.1 0.02 20 4.2 0.13 NS
F-test
NS==not significant
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Table 4.9. Describes the major hpid metabolites at birth (1), at six weeks (2), and 
one year (3) they were evaluated by F-test, and Scheffe’s test for statistical significance. 
Data indicate that only the high-density lipoprotein (HDL-C), and low-density lipoprotein 
(LDL-C) showed significant differences between the birthweight groups at six-weeks, 
and at one year. P-values o f test ranged firom P<0.01 to P<0.02. No significant 
differences for cholesterol and triacylglycerol (TAG) for different birthweights were 
observed.
Table 4.10. Presents Pearson’s correlation coefficient between the anthiopometric 
and blood pressure variables as related to biochemical concentration o f the plasma. Table 
indicate significant differences were observed among most o f the biochemical 
concentration studied with anthropometric variables of the newborn. Metabolism and 
transfer o f calcium across the placenta, as expected, did show a significant coirelation 
with the placental weight at (p<0.01), since the transport o f calcium across the placenta is 
considered to be one o f the significant indicators o f fetal growth. Similarly, a strong 
association was also observed between the birthweight of newborn and the values for 
sodium, potassium, calcium and iron at (P<0.01). Significant correlations were also 
noticed between abdominal circumference, and metabolites o f lipid metabolism, as well 
as urea, creatinine, and sodium indicating the influence o f diet on birthweight [37]. 
Significant correlation coefficients, at (P<0.01), were also found between diastolic blood 
pressure and total protein, serum albumin, sodium, potassium, and high-density 
lipoprotein, which may suggest the initiation o f hypertension in utero, and its 
amplification throughout life. For systolic blood pressure, a significant correlation was 
observed with creatinine, sodium, and potassium, and chloride.
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Table 4.9
Lipid metabolites according to birthweight classes
Birthweight classes (gms)
LBW NBW HBW
Type of 
Lipid factors
At birth n=13 At birth n=985 At birth n=28 Between 
Classes* 
Scheffe’s test
6weeks n=7 
lyear n=7
6weeks n=732 
1 year n=595
6weeks n=21 
lyear n=16
F-test at (0.05) 
f-value P-value
Mean ±SD Mean ±SD Mean ±SD
Cholesterol 1 1.6 ±0.4 1.5 ±0.4 1.54 ±0.3 NS
Cholesterol 2 3.3 ±0.28 3.0 ±0.77 3.1 ±0.73 NS
Cholesterol 3 3.65 ±0.54 3.76 ±0.87 3.53 ±0.33 NS
(TAG) 1 0.61 ±0.13 0.55 ±0.16 0.69 ±0.19 NS
(TAG) 2 1.96 ±1.2 1.6 ±0.84 1.9 ±0.86 NS
(TAG) 3 0.88 ±0.31 1.3 ±0.67 1.1 ±0.20 NS
HDL-C 1 0.56 ±0.14 0.52 ±0.16 1.1 ±0.20 NS
HDL-C2 1.3 ±0.37 2.2 ±3.2 4.4 ±4.4 .006 NBW, HBW .008
HDL-C3 0.67 ±0.14 0.86 ±0.48 1.3 ±0.87 .003 LBW, HBW NBW, HBW
.014
.006
LDL-C 1 0.72 ±0.22 0.67 ±0.30 0.58 ±0.23 NS
LDL-C2 1.1 ±2.9 1.0 ±2.0 1.9 ±4.6 .000 LBW, HBW NBW, HBW
.017
.000
LDL-C3 2.49 ±0.31 2.3 ±0.88 1.5 ±0.74 .02 NBW, HBW .02
3- at one year NS -  Not significant1 -  at birth 2- at six weeks
LBW* -  Low birthweight: <2500 gms 
NBW- Normal birthweight: 2500-4000 gms 
HBW- High birthweight: >4000 gms 
Cholesterol: Reference range, 1.1 - 4.70 mmol/L.
HDL-C: Reference range, 0.9 - 2.15 mmol/L
LDL-C: Reference range, at birth 0.26 -  1.30 mmol/L, at one year 1.5 -  3.6 mmol/L 
Triacylglycerol (TAG): Reference range, 0.10 -  0.99 g/L
Ref. (Nelson. Textbook of Paediatrics, Laboratory Medicine Testing and Reference Values in Infants and 
Children); Fourteenth Edition, 1992.
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Table 4.11. Presents the anthropometric, blood pressures measurements, and pondéral 
index at birth, and at six-weeks o f age for all birthweight categories. The mean values, 
(±SD), and their percent increments o f all parameters showed significant differences for 
all birthweight categories at birth, and at six weeks o f age ip <0.001). The percentage 
increments in birthweights decrease sharply after birthweight greater than >2500 gms. 
The percent increments for both systolic and diastolic blood pressure were high for 
weight less than 2500 gms, then decreased by more than 30% for other birthweight 
categories. The highest (%) change for all variables were reported for low birthweight 
except pondéral index where the lowest (%) change (-8.0) is reported. For other 
birthweight groups the lowest (%) change is seen for birthweight >4000gms except for 
diastolic BP where the lowest (%) change is reported for -3000gms birthweight.
The blood pressures, both systolic and diastolic, and the index o f macrosomia 
(head circumference/ abdominal circumference) as related to birthweight (LBW, NBW, 
HBW), and Pondéral Index classes are presented in Table 4.12. There were significant 
differences between the classes as evaluated by F-test, and Scheffe’s test, with P-values 
at different levels. At these early stages o f life, the systolic and diastolic blood pressure at 
birth, and six weeks did not show any significant difference for different birthweights. 
The BP values at one year, in general, are found to be significant among the biiihweight 
groups. The Scheffe’s test showed that the differences lie between low birthweight, and 
normal birthweight for systolic blood pressure, and mean blood pressure respectively 
(P <0.005, and P=0.009). For the diastolic blood pressure the significance lies between 
Normal and High birthweight (P=0.01). The index o f macrosomia at birth and at one- 
year age is independent o f birthweights.
There were significant differences in blood pressure values for the three groups o f 
Pondéral Index at birth, at six weeks and at one year o f age except for diastolic blood 
pressure at six weeks. The location o f the groups where the differences lie with 
corresponding P-values are given in the same table. The differences among the thiee 
groups o f Pondéral Index over Macrosomia were significant at birth but it has no effect 
on Macrosomia at one year of age.
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Table 4.11
Anthropometric and blood pressure measurements at birth
and at 6 weeks of age
Variables
Birthweight (gms)
<2500 (gms) 
at birth n=13 
6weeks n=7 
Mean ±SD
-3000 (gms) 
birth n=302 
6weeks n=231 
Mean ±SD
-3500 (gms) 
birth n=479 
6weeks n=335 
Mean ±SD
-4000 (gms) 
birth n=204 
6weeks n=166 
Mean ±SD
>4000 (gms) 
birth n=28 
6weeks n=21 
Mean ±SD
P
Value
Weight (Kg)
Birth n=1026 2.4 ±0.12 2.8 ±0.13 3.2 ±0.14 3.7 ±0.14 4.2 ±0.10 0.000
6weeks n=760 4.0 ±0.29 4.5 ±0.60 4.7 ±0.50 5.2 ±0.70 5.5 ±0.30 0.000
% change 66.7 60.7 46.9 40.5 31.0 0.000
Length (cm)
Birth 47.0 ±2.0 48.9 ±1.4 50.3 ±1.5 51.5 ±1.8 53.2 ±3.9 0.000
6 weeks 55.8 ±0.94 55.8 ±2.4 56.3 ±2.4 58.1 ±2.6 58.3 ±1.7 0.000
% change 18.7 14.1 12.0 12.8 9.6 0.000
Head
circumference
(cm)
Birth 33.5 ±1.3 33.5 ±1.4 34.7 ±1.5 35.1 ±1.4 37.4 ±3.3 0.000
6 weeks 39.0 ±1.3 37.5 ±1.0 38.1 ±1.0 38.6 ±1.3 39.2 ±1.1 0.000
% change 16.4 11.9 9.8 10.0 4.8 0.000
Pondéral 
Index (Kg/m^)
Birth 23.4 ±3.0 24.0 ±1.8 25.5 ±2.2 27.5 ±3.7 29.7 ±14.4 0.000
6 weeks 22.9 ±1.1 25.7 ±3.0 26.6 ±4.0 26.5 ±3.0 27.8 ±1.8 0.000
% change -2.1 7.1 4.3 -3.6 -6.4 0.000
Systolic BP 
(mm Hg)
Birth 62.9 ±2.1 65.8 ±11.8 64.4 ±12.3 68.4 ±11.1 67.0 ±11.9 NS
6 weeks 86.9 ±2.6 87.7 ±10.2 89.6 ±9.7 89.0 ±11.5 87.0 ±9.9 NS
% change 38.2 33.3 39.0 30.0 29.9
Diastolic BP 
1 (mm Hg)
Birth 39.2 ±8.9 40.4 ±8.5 41.1 ±10.2 40.1 ±7.7 37.4 ±5.6 NS
6 weeks 52.7 ±2.4 46.9 ±8.2 47.6 ±7.3 47.8 ±9.0 51.2 ±10.8 NS
% change 34.4 16.0 15.8 19.2 36.8
F-test
Values are means ±SD, % change are shown for the same babies.
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Table 4.12
Blood pressure and Macrosomia according to birthweight, 
and pondéral index classes
Birthweight classes (gms)
Type of blood 
pressure and 
Macrosomia
LBW
At birth n=13 
6weeks n=7 
1 year n=7
Mean ±SD
NBW
At birth n^985 
6weeks n=732 
1 year n=595
Mean ±SD
HBW
At birth n=28 
6weeks n=21 
1 year n=16
Mean ±SD
F-test at (0.05) 
P-value
Between Classes* 
Scheffe’s test
P
value
Systolic BP 1 
Systolic BP 2
62.8
86.8
±12.1
±2.6
66.6
88.9
±11.9
±10.2
66.9
87.0
±11.9
±9.8
NS
NS
Systolic BP 3 115.0 ±10.7 94.8 ±17.7 101.0 ±9.0 .002 LBW, NBW .005
Diastolic BP 1 39.2 ±8.9 40.7 ±9.2 37.4 ±5.6 NS
Diastolic BP 2 52.7 ±2.3 47.4 ±7.9 51.2 ±10.8 NS
Diastolic BP 3 67.1 ±13.2 56.8 ±12.0 65.8 ±4.8 .001 NBW, HBW .01
Mean BP 1 51.0 ±9.7 53.6 ±8.9 52.2 ±7.5 NS
Mean BP 2 69.8 ±1.4 68.1 ±7.7 69.0 ±8.8 NS
Mean BP 3 91.1 ±11.7 75.8 ±14.0 83.4 ±4.6 .001 LBW, NBW .009
Macrosomia 1 1.16 ±0.05 1.11 ±0.08 1.13 ±0.15 NS
Macrosomia 3 1.0 ±0.07 1.0 ±0.16 1.1 ±0.48 NS
Type of blood 
pressure and 
Macrosomia
Pondéral index classes (weight/length^)
<25®
n=243
Mean ±SD
25® -  75®
n=524
Mean ±SD
>75®
n=259
Mean ±SD
F-test at (0.05) 
P-value
Between Classes** 
Scheffe’s test
P
value
Systolic BP 1 65.2 ±12.4 66.5 ±11.1 68.0 ±12.8 .027 PI1,PI3 .03
Systolic BP 2 87.1 ±10.6 90.2 ±9.0 87.6 ±11.5 .001 PI1,P12 P12, PI3
.004
.02
Systolic BP 3 92.9 ±15.1 94.6 ±17.1 98.3 ±20.1 .018 P11,P13 .02
Diastolic BP 1 38.9 ±7.3 40.8 ±10.0 41.5 ±8.5 .003 PI1,P12 P ll, P13
.02
.006
Diastolic BP 2 48.0 ±7.9 47.6 ±8.4 46.8 ±7.4 NS
Diastolic BP 3 54.3 ±10.7 57.9 ±12.5 58.3 ±11.9 .004 P11,PI2PI1,PI3
.01
.01
Mean BP 1 52.0 ±8.4 53.7 ±8.7 54.8 ±9.5 .003 PI1,PI3 .003
Mean BP 2 67.6 ±7.2 68.9 ±7.8 67.3 ±8.0 .024 PI2, P13 .05
Mean BP 3 73.6 ±12.0 76.3 ±13.9 78.3 ±15.4 .012 P11,PI3 .01
Macrosomia 1 1.12 ±.064 1.11 ±.099 1.0 ±.085 .03 PH, M3 .04
Macrosomia 3 1.0 ±.071 1.1 ±0.22 0.099 ±.085 NS
1 -  at birth
*LBW- Low birthweight
♦♦PI _ Pondéral Index class
Macrosomia= head circumference/abdominal
2- at six weeks 
NBW- Normal birthweight 
NS- Not significant 
circumference
3- at one year 
HBW- High birthweight
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The same parameters are also evaluated according to placental weight, and the 
placental ratio (bii'thweight/placental weight) classes with the same statistical criteria. 
There were significant differences (ANOVA) existed between placenta weight classes for 
all variables measured among the var iables at birth, at six weeks, and at one-year o f age 
as presented in Table 4.13. The results showed a significant difference in the blood 
pressure types for different groups o f placental weight. Values o f systolic blood pressure 
were lower at birth for all placental weight classes, and the highest were at one year. The 
same pattern was obseiwed for diastolic blood pressure except for placental weight 
<455gms at birth. The details o f the relationship between groups were presented in the 
same table. Placental weight has significant effect on Macrosomia at birth, and at one 
year o f age. There exist significant differences in blood pressure types between three 
placental ratio classes at birth, at six weeks o f age and at one year. However the systolic 
blood pressure at birth was not significant. The groups where the differences are 
observed, (using Scheffe’s test) and the corresponding P-values are mentioned in the 
same table. The value o f Macrosomia at birth is not significant, but it is highly significant 
at one-year age.
The lipid metabolites according to placental weight classes are presented in Table 
4.14. F-tests and The Scheffe’s test, at different stages o f age (birth, six weeks, and at 
one year) did indicate among the lipid metabolites investigated. There were significant 
differences (ANOVA) existed between placental weight classes for all lipid factors 
except triacylglycerol (TAG) at six weeks and at one year, between cholesterol levels at 
birth, at six weeks, and at one year o f age {p <0.001), cholesterol was higher at one year, 
and lower at birth. Also at birth, and one year cholesterol was higher for placental weight 
group (455-570gms) while for placental weight cholesterol was higher at <455. For 
triacylglycerol (TAG), significant differences were observed only at birth, values o f 
triacylglycerol (TAG) were higher at six weeks compared to birth and one year, with 
placental weight at <455gms having the highest mean values. For high-density 
lipoprotein (HDL), differences were observed only at one year, while for low-density 
Hpoprotem (LDL), differences were observed at birth. For HDL the highest mean values 
were obtained at six weeks while for LDL-C the highest mean values were obtained one
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year. The groups where the differences are observed, (using Scheffe’s test) and the 
corresponding P-values are shown in the same table.
Table 4.15. Showed the relationship between the observed values o f lipid 
metabolites and the placental ratio classes (birthweight/ placental weight). For 
cholesterol a significant different was observed at birth and six weeks (p<0.05). For 
triacylglycerol (TAG) differences were observed only at six weeks. For HDL, and LDL, 
differences existed only at birth. For HDL and LDL higher mean values were observed at 
placental ratio classes (< 25*) particularly at birth. The groups where the differences are 
observed, (using Scheffe’s test) and the corresponding P-values, are presented in the 
same table.
Albumin profiles o f the serum at birth, at six weeks, and at one year were 
compared to selected anthropometric variables, as presented in Table 4.16. One-way 
analysis o f variance (ANOVA) showed no significant differences for serum albumin 
according to birthweight, and head/abdominal circumference ratio. For placental weight, 
and pondéral index a significant difference was observed only at one year. For placental 
ratio (birthweight/ placental weight) a significant different was observed at birth, at six 
weeks. For placental weight classes and placental weight ratio the highest mean values 
were obtained at low classes levels (<455gms, and <25“‘) respectively. For pondéral 
index classes the highest albumin mean value was obtained at one year and for high 
pondéral index class (>75*). The groups where the differences are observed, (using 
Scheffe’s test) and the corresponding P-values are shown in the same table.
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Table 4.13
Blood pressure and Macrosomia according to placental weight
Placental weight classes (gms)
pressure and 
Macrosomia
<455 (gm) 
n=83 
Mean ±SD
455-570(gm) 
n=310 
Mean dbSD
571-680(gm) 
n=352 
Mean ±SD
>680 (gm) 
n=281 
Mean ±SD
F-test at 
(0.05) 
P-value
Between 
Classes* 
Scheffe’s test
P-value
Systolic BP 1 63.4 ±11.8 65.7 ±11.9 66.9 ±12.6 67.9 ±10.7 .009 PLCl, PLC4 .02
Systolic BP 2 91.4 ±10.6 89.7 ± 9 .7 88.0 ±9.1 88.0 ±9.1 0.031
Systolic BP 3 88.6 ±15.7 96.0 ±16.2 92.4 ±17.8 92.4 ±17.8 .000 PLCl, PLC3 PLC3, PLC4
.008
.009
Diastolic BP 1 79.9 ±7.5 39.3 ±8.2 41.7 ±10.5 41.7 ±10.5 .014 PLC2, PLC4 .02
Diastolic BP 2 49.8 ±7.2 47.3 ±7.9 45.8 ±76.0 45.8 ±76.0 .000 PLC1,PLC4 PLC, PLC4
.006
.004
Diastolic BP 3 52.8 ±12.5 57.5 ±12.5 54.9 ±10.2 54.9 ±10.2 .000 PLC1,PLC3 PLC3, PLC4
.005
.001
Mean BP 1 51.7 ±8.4 52.6 ±8.8 54.8 ±8.3 54.8 ±8.3 .003 PLC1,PLC4 PLC2, PLC4
.04
.02
Mean BP 2 70.6 ±7.7 68.5 ±7.7 66.9 ±6.7 66.9 ±6.7 .007 PLC1,PLC4 .01
Mean BP 3 70.7 ±13.5 76.7 ±13.3 73.7 ±13.5 73.7 ±13.5 .00 PLC1,PLC3 PLC3, PLC4
.003
.002
Macrosomia 1 1.10 ±0.16 1.12 ±095 1.10 ±0.056 1.10 ±.056 .001 PLC2, PLC3 PLC2, PLC4
.02
.005
Macrosomia 3 1.11 ±.056 1.0 ±.072 1.1 ±0.28 1.1 ±0.28 .006 PLC3, PLC4 .01
Type of blood 
pressure and 
Macrosomia
Placental ratio classes
<25®
n=247
Mean ±SD
25®
n=
Mean
-75®
=529
±SD
>75th
n=250
Mean ±SD
F-test at 
(0.05) 
P-value
Between 
Classes** 
Scheffe’s test
P-value
Systolic BP 1 67.6 ±10.4 66.5 ±12.7 65.9 ±11.3 NS
Systolic BP 2 88.6 ±8.9 88.0 ±10.8 91.4 ±9.9 .000 PLR1,PLR3 PLR2, PLR3
.03
.001
Systolic BP 3 90.8 ±19.0 99.7 ±16.2 91.9 ±17.4 .000 PLR1,PLR2 PLR2, PLR3
.000
.000
Diastolic BP 1 43.0 ±10.8 39.5 ±8.8 40.6 ±7.6 .000 PLR1,PLR2PLR1,PLR3
.000
.01
Diastolic BP 2 45.9 ±7.0 48.0 ±8.3 48.3 ±8.3 .006 PLRl, PLR2 PLRl, PLR3
.02
.02
Diastolic BP 3 54.5 ±11.5 59.1 ±11.9 57.0 ±12.8 .000 PLRl, PLR2 .000
Mean BP 1 55.3 ±8.3 53.0 ±9.4 53.2 ±8.4 .003 PLRl, PLR2 PLRl, PLR3
.004
.04
Mean BP 2 67.3 ±6.7 68.0 ±8.2 69.8 ±7.9 .004 PLRl, PLR3 .007
Mean BP 3 72.6 ±14.7 79.5 ±13.2 74.5 ±14.2 .000 PLRl, PLR2 PLR2, PLR3
.000
.002
Macrosomia 1 1.10 ±0.069 1.11 ±0.083 1 10 ±0.118 0.043
Macrosomia 3 1.07 ±0.82 1.06 ±0.076 1 10 ±0.073 .000 PLR1,PLR3 PLR2, PLR3
.001
.000
1 -  at birth
*PLC-Placental weight class
2- at six weeks
** PLR -  Placental ratio class
3- at one year 
NS -  Not significant
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Table 4.14
Lipid metabolites according to placental weight classes
Type of Lipid 
factors
Placental weight classes F-test at Between
<455 
n=83 
Mean ±SD
455-570 
n=310 Mean 
±SD
571-680 
n=352 
Mean ±SD
>680 
n=281 
Mean ±SD
(0.05)
P-value
Classes* 
Scheffe’s test
P-value
Cholesterol 1 1.43 ±0.38 1.53 ±0.46 1.42 ±0.30 1.54 ±0.44 .000 PLC2, PLC3 PLC3, PLC4
.01
.005
Cholesterol 2 3.3 ±0.57 3.2 ±0.76 2.9 ±0.81 3.0 ±0.70 .000
PLCl, PLC3 
PLC2, PLC3 
PLC2, PLC4
.01
.00
.01
Cholesterol 3 3.5 ±1.4 3.9 ±0.86 3.6 ±0.82 3.7 ±0.75 .002 PLC1,PLC2 PLC2, PLC3
.03
.01
(TAG) 1 0.67 ±0.12 0.69 ±0.20 0.64 ±0.12 0.63 ±0.17 .000 PLC2, PLC3 PLC2, PLC4
.004
.003
(TAG) 2 1.8 ±1.0 1.6 ±0.86 1.7 ±0.80 1.7 ±0.83 NS
(TAG) 3 1.5 ±1.0 1.2 ±0.50 1.3 ±0.74 1.3 ±0.58 NS
HDL-C 1 0.48 ±0.13 0.53 ±0.16 0.50 ±0.15 0.53 ±0.18 0.054
HDL-C2 2.9 ±3.8 2.4 ±3.3 2.4 ±3.4 1.8 ±2.8 NS
HDL-C3 0.81 ±0.25 0.99 ±0.82 0.81 ±0.31 0.84 ±0.18 .006 PLC2, PLC3 .01
LDL-C 1 0.64 ±0.26 0.68 ±0.32 0.63 ±0.25 0.72 ±0.32 .002 PLC3, PLC4 .003
LDL-C2 1.3 ±1.9 1.2 ±2.1 0.70 ±2.3 0.89 ±2.2 NS
LDL-C3 2.4 ±0.91 2.5 ±0.99 2.1 ±0.84 2.4 ±0.78 0.04
2 -  at six weeks 
NS -  Not significant
3 -at m e year1 -  at birth
*PLC -  Placental weight class 
Cholesterol: Reference range, 1.1 - 4.70 mmol/L.
HDL-C: Reference range, 0.9 - 2.15 mmol/L
LDL-C: Reference range, at birth 0.26 -  1.30 mmol/L, at one year 1.5 -  3.6 mmol/L 
Triacylglycerol (TAG): Reference range, 0.10 -  0.99 g/L
Ref. (Nelson. Textbook of Paediatrics, Laboratory Medicine Testing and Reference Values in Infants and Children); 
Fourteenth Edition, 1992.
82
Chapter 4
Table 4.15
Lipid metabolites according to placental ratio classes
Placental ratio classes F-test at BetweenType of Lipid 
factors <25®n=247
25®
n=
-75®
=529
>75®
n=250 (0.05)P-value
Classes* 
Scheffe’s test
P
value
Mean ±SD Mean ±SD Mean ±SD
Cholesterol 1 1.5 ±0.40 1.4 ±0.41 1.4 ±0.39 .02 PLR1,PLR3 .02
Cholesterol 2 2.9 ±0.83 3.1 ±0.63 3.1 ±0.90 .004 PLRl, PLR3 PLRl, PLR3
.01
.01
Cholesterol 3 3.9 ±0.72 3.7 ±0.85 3.6 ±0.96 NS
(TAG) 1 1.63 ±0.19 0.66 ±0.15 0.66 ±0.17 NS
(TAG) 2 1.6 ±0.80 1.4 ±0.72 1.8 ±0.88 .000 PLRl, PLR2 PLRl, PLR3
.03
.05
(TAG) 3 1.2 ±0.59 1.3 ±0.67 1.2 ±0.68 0.037
HDL-C 1 0.53 ±0.15 0.53 ±0.17 0.48 ±0.16 .008 PLR1,PLR3 PLR2, PLR3
.02
.02
HDL-C2 1.9 ±3.0 2.4 ±3.3 2.3 ±3.4 NS
HDL-C3 0.86 ±0.19 0.88 ±0.46 0.86 ±0.72 NS
LDL-C 1 0.72 ±0.27 0.67 ±0.31 0.62 ±0.28 .003 PLRl, PLR3 .003
LDL-C2 0.77 ±2.1 0.84 ±0.25 1.3 ±1.7 NS
LDL-C3 2.5 ±0.78 2.2 ±0.79 2.4 ±1.1 0.23
3- at one year 
NS -  Not significant
1 -  at birth 2- at six weeks
*PLR - Placental ratio class = (birthweight/placental weight).
Cholesterol: Reference range, 1.1 - 4.70 mmol/L.
HDL-C: Reference range, 0.9 - 2.15 mmol/L
LDL-C: Reference range, at birth 0.26 -  1.30 mmol/L, at one year 1.5 -  3.6 mmol/L 
Triacylglycerol (TAG): Reference range, 0.10 -  0.99 g/L
Ref. (Nelson. Textbook of Paediatrics, Laboratory Medicine Testing and Reference Values in Infants and 
Children); Fourteenth Edition, 1992.
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Table 4.15
Lipid metabolites according to placental ratio classes
Placental ratio classes F-test at BetweenType of Lipid 
factors <25®n=247
25®
n=
-75®
=529
>75®
n=250 (0.05)P-value
Classes* 
Scheffe’s test
P
value
Mean ±SD Mean ±SD Mean ±SD
Cholesterol 1 1.5 ±0.40 1.4 ±0.41 1.4 ±0.39 .02 PLRl, PLR3 .02
Cholesterol 2 2.9 ±0.83 3.1 ±0.63 3.1 ±0.90 .004 PLRl, PLR3 PLR1,PLR3
.01
.01
Cholesterol 3 3.9 ±0.72 3.7 ±0.85 3.6 ±0.96 NS
(TAG) 1 1.63 ±0.19 0.66 ±0.15 0.66 ±0.17 NS
(TAG) 2 1.6 ±0.80 1.4 ±0.72 1.8 ±0.88 .000 PLRl, PLR2 PLRl, PLR3
.03
.05
(TAG) 3 1.2 ±0.59 1.3 ±0.67 1.2 ±0.68 0.037
HDL-C 1 0.53 ±0.15 0.53 ±0.17 0.48 ±0.16 .008 PLRl, PLR3 PLR2, PLR3
.02
.02
HDL-C2 1.9 ±3.0 2.4 ±3.3 2.3 ±3.4 NS
HDL-C3 0.86 ±0.19 0.88 ±0.46 0.86 ±0.72 NS
LDL-C 1 0.72 ±0.27 0.67 ±0.31 0.62 ±0.28 .003 PLR1,PLR3 .003
LDL-C2 0.77 ±2.1 0.84 ±0.25 1.3 ±1.7 NS
LDL-C3 2.5 ±0.78 2.2 ±0.79 2.4 ±1.1 0.23
1 -  at birth
*PLR - Placental ratio class 
Triacylglycerol (TAG)
2- at six weeks 
(birthweight/placental weight).
3- at one year 
NS -  Not significant
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Table 4.16
Serum albumin according to anthropometric variables
Serum Albumin according to birthweight (gms)
Albumin LBWn=13 
Mean ±SD
NBW
n=985 
Mean ±SD
HBW
n=28 
Mean ±SD
F test at (0.05) 
f-value
Between 
Classes* 
Scheffe’s test
P-value
Albumin 1 28.5 ± 2.4 29.9 ±3.1 29.6 ± 3.3 NS
Albumin 2 32.7 ± 0.49 32.4 ± 2.2 31.8 ± 1 .4 NS
Albumin 3 36.9 ± 1.5 40.9 ± 8.4 39.5 ± 1.2 NS
Serum Albumin according to placental weight classes (gms)
Albumin <455 (gm) n=83 
Mean ±SD
455-570(gm) 
n=310 
Mean ±SD
571-680(gm) 
n=352 
Mean ±SD
>680 (gm) 
n=281 
Mean ±SD
F test at (0.05) 
P-value
Between 
Classes* 
Schefles test
P-value
Albumin 1 29.7 ± 3 .7 30.0 ± 2.9 29.7 ± 3.2 30.1 ±3.1 NS
Albumin 2 32.1 ± 1.9 32.2 ± 2.0 32.4 ± 2.3 32.7 ± 2.2 NS
Albumin 3 45.2 ± 9.8 37.6 ± 6.7 42.2 ± 8.9 38.0 ± 3 .9 .002 PLC1,PLC2P1C1,PLC4
.02
.02
Serum Albumin according to placental ratio classes
Albumin <25*n=247
25* -  75*
n=529
>75*
n=250 F test at (0.05) P-value
Between
Classes* P-value
Mean ±SD Mean ±SD Mean ±SD Schefles test
Albumin 1 39.6 ± 2.6 29.7 ± 3.5 30.4 ± 2.9 .006 PLRl, PLR3 PLR2, PLR3
.02
.02
Albumin 2 33.2 ± 2.4 32.3 ± 1.9 32.0 ± 2.2 .000 PLRl, PLR2 PLRl, PLR3
.02
.000
Albumin 3 38.3 ± 3 .5 41.6 ± 10.7 42.2 ± 7.5 NS
Serum Albumin according to pondéral index classes (weight/length^)
Albumin <25*n=243
25* -75* 
n=524
>75*
n=259 F-test at (0.05) P-value
Between
Classes* P-value
Mean ±SD Mean ±SD Mean ±SD SchefTe’s test
Albumin 1 29.8 ± 2.8 29.9 ± 3.2 29.8 ± 3.3 NS
Albumin 2 32.7 ± 2.2 32.3 ± 2.2 32.3 ±2.1 NS
Albumin 3 36.4 ± 3.4 41.4 ± 7 .2 41.7 ± 9 .4 .02 PI1,PI2PI1,P13
.05
.03
Serum Albumin according to Head circumference/ Abdominal circumference
Albumin <25* n=222 
Mean ±SD
25* -75* 
n=510 
Mean ±SD
>75* 
n=294 
Mean ±SD
F-test at (0.05) 
P-value
Between 
Classes* 
Schefk s test
P-value
Albumin 1 30.0 ±3.1 30.0 ± 3 .2 29.6 ±3.1 NS
Albumin 2 32.1 ± 1.8 32.5 ± 2.4 32.6 ±2.1 NS
Albumin 3 39.6 ± 2 .7 41.4 ± 9 .7 38.6 ± 2 .2 NS
*1 - at birth 2- at six weeks 3- at one year NS -  Not significant
Albumin: Reference range, at birth 25 -  34 g/L, at one year 39 -  50 g/L 
Ref. (Nelson. Textbook of Paediatrics, Laboratory Medicine Testing and Reference Values in Infants and 
Children); Fourteenth Edition, 1992.
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The haematological profiles of newborn, and infants at one year o f age according 
to their birthweight groups are presented in Table 4.17. Number o f participants, mean 
values (±SD) for each parameter under different birthweight groups (at birth, and at one 
year) were analysed using paired t- test. For birthweight, less than 2500 gms no significant 
difference was observed between birth and at one year o f age for aU haematological 
concentration except PLT, MCV, and MCH. For birthweight groups >2500- to 3000 gms, 
and >3000- to 3500 gms a significant difference was observed for all haematological 
concentration (p<0.001). For birthweight groups >3500- to 4000 gms, and greater than 
4000 gms a significant difference was observed (/?<0.001) for all concentration except 
RBC. For HOT, MCV, and MCH in&nts at birth showed higher mean values than at one 
year, while for PLT infant at one year showed high mean values than at birth.
Selected anthropometric variables o f infants at one year o f age for each 
birthweight category according to their haemoglobin concentrations are presented in Table 
4.18. For weight at one year, t-test showed a significant difference between anaemic and 
normal for all birthweight except at >2500- to 3000 gms. In regard to recumbent length no 
significant difference was observed for all birthweight except at >4000 gms. For head 
circumference a significant difference was observed only for birthweight o f less than 2500 
gms, and those greater than 4000 gms. For abdominal chcumference, a significant 
difference was observed for birthweight at >3500- to 4000 gms, and greater than 4000 
gms. For mid arm circumference a significant difference was observed for birthweight 
<2500 gms, -3000, >3500-4000gms. For pondéral index, a significant difference was 
observed for birthweight at <2500gms,^000gms,and greater than 4000 gms. For all 
variables normal showed the highest mean values compar ed to anaemic.
An anthropometric, blood pressures, both systolic and diastolic, and 
biochemical concentration o f infants at one year o f age are compared according to 
birthweight categories are presented in Table 4.19. One-way ANOVA showed significant 
differences between birthweight groups for all parameters. A linear trend was observed for 
anthropometric par ameters. For other parameters no pattern was shown. Low birthweight 
(<2500gms) group showed the lowest mean values for weight, recumbent length, head
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cii'cumference, and mid aim ckcumference. For systolic and diastolic blood pressme low 
birthweight group showed the highest mean values.
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4.2. Discussion 
Prospective Study
(Infants at bii'th, six weeks, and one year o f age)
Our findings and data, both prospective, and retrospective, including the pilot 
studies carried out earlier [193], in general, do suggest that the hypothesis o f 
"programming" in fetus and infancy are not the only factors that need to be considered 
when examining the associations between the health status in later life, and the early life 
experiences which are influenced by many confounding factors, such as; heredity, 
metabolic, and socio-economics. The heterogeneity o f the experimental subjects 
participated in both studies also brought in additional variables which co-exist, and need 
to be considered; and a word o f caution be introduced in their interpretations as described 
in Table 4.1.
In spite o f the heterogeneity o f subjects involved in the study, which are self- 
explanatory, Table 4.1, it appears that the environmental factors, and socio-economic 
variables, specially dietary habit, and consumption patterns; and mothers' lifestyle have 
been the dominant factors for the characteristics o f subjects investigated, such as; age, 
height, prenatal care, parity, education, and financial security which are known to be 
interwoven. A closer examination o f figures. Table 4.2, reveals that mothers' lifestyle, 
sound nutrition, and breast feeding practices had positive impact on the birthweights o f 
neonates. The majority was within the normal (2500-4000 gms) birthweight range, 
which was also a reflection o f financial security, and education. Thus, a positive 
correlation was established between the anthropometric parameters o f neonates, and the 
socioeconomic variables o f households, mothers' fife style, and dietary practices.
The major anthropometric parameters o f neonates, for both genders, appear to be 
within the normal range. Table 4.3, as reported by others for the Saudi population [183- 
193]. Rasheed and Rahman looked into the anthropometry of 1094 Saudi neonates in the 
Eastern province o f the Kingdom [183]. The mean birthweight o f term babies (>37-42 
weeks of gestation) was 3.24 Kg (±SD 0.46), and the mean recumbent length was 49.21 
cm. The mean head circumference was 33.94 cm, and accordingly the mean abdominal
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cii'cumference was 30.18 cm. The corresponding figures o f our study were 3.26 kg, 
50.43 cm, 34.76, and 31.23, respectively which could reflect the better environmental 
conditions o f Riyadh area, as well as the socio-economic status o f the subjects 
participated in the study. Male babies, 3.26 Kg (±SD 0.39), were significantly heavier 
than the female babies, 3.19 (±SD 0.39). These figures are in agreement with those o f the 
previous findings [183,191-193].
The differences in placental weight between the genders may be due to the 
maternal factors, which prevail before conception, and influence the placental 
development as pointed out by other investigators [69]. Maternal anaemia, among others, 
which is associated with an increase in placental weight at birth [53]. The anthropometric 
parameters were consistently lower for the mothers who were less than 20 years o f age, 
which could be related to eating disorders, dietary habits and consumption patterns, 
Table 4.4. These values were significantly different as compared to normal birthweight 
groups. It is a well-established fact that maternal nutrition does affect the development of 
fetus, and there is a relationship between fetal dimensions, and maternal nutrition [194]. 
Experimental evidences have also clearly shown that higher potential risks do occur in 
these low biith-weight babies who are growth retarded due to environmental factors, 
including the dietary habits [195].
Mean blood pressure values for both newborn genders were within the normal 
range. The range for diastolic blood pressure, however, was higher for males, while the 
systolic blood pressure, however, was higher for males, while the systolic range remained 
the same, Table 4.5. Lever and Hanap reviewed the evidence which support the 
hypothesis that essential hypertension is a growth related disorder with origin in utero, 
and manifestations in later life. Blood pressure rises with age in children and adults. It is 
suggested that a process governing the growth raises the blood pressure by stimulating 
cardiovascular growth and maturation. Genetic and environmental factors could also 
influence the process [196]. Such rise with age was also observed in our studies. A rapid 
rise in blood pressure during the first month of life was also confirmed by de Swiet and 
his associates, and blood pressures were correlated with weight in all ages [197]. In 
regard to systolic blood pressure, present study showed no significant differences
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between the birthweight and genders. There were, however, significant differences 
between the weight and genders in diastofic pressures. Table 4.5.
Our study showed some association between the systolic pressure and birthweight 
and pondéral index. Diastolic blood pressures, however, are associated with recumbent 
length, abdominal cii'cumference, and placental ratio. Table 4.6. Recent studies by 
Barker and his associates, relating birthweight to blood pressure in adults suggest that 
adult hypertension originates in fetal life [49-51]. It will be interesting to carry out a 
prospective study with our subjects m order to confirm these findings. Our data, even at 
this stage, do suggest that essential hypertension is a growth-related disorder with origins 
in fetus, and clinical manifestations throughout in growth and development, and 
eventually in adult life; in short, blood pressures, and hypertensive states are associated 
with the somatic growth [198-200]. From a biological viewpoint, as stated by Lucas [34], 
findings to date support the thesis that "nutritional programming" during the sensitive 
period in early life may influence long-term development and health [31,46]. Findings, 
which support this view, were also reported fi'om India; and reemphasised the importance 
o f maternal nutrition. The studies also showed that mother’s diet, and eating behaviour, 
during pregnancy are linked to chronic diseases in late adult life [98]. Recent studies 
suggest that human fetuses have to adapt to a limited supply o f nutrients, and in doing so 
they permanently change their physiology and metabolism. These “programmed” 
changes could very well be the origins of diseases in later life [100-115].
Our data showed a correlation between eating behaviour, and the quality o f diet in 
regar d to birthweight, which reemphasises the significance o f maternal nutrition, and the 
quality of diet during pregnancy. A considerable body o f experimental data, dealing with 
both human and animal subjects, suggest that nutritional deprivation during pregnancy 
could result in irreversible cognitive, neurological, metabolic and physical developments 
[13-46]. Our present study. Table 4.7, also indicates a significant positive correlation 
between the birthweight, and mother’s dietary habits and behaviour s during pregnancy.
Earlier studies also showed strong associations between fetal nutrition and 
placental weights. Barkers and his co-workers state that fetuses' adaptation to 
undernutrition are associated with changes in the concentrations o f fetal and placental
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hormones; and persisting changes in the levels o f hormone secretion may link fetal 
undernutrition with abnormal structure, function, and diseases in adult life [65, 138]. 
Findings o f Perry and his associates, however, did not support the hypothesis that raised 
placental ratio is a marker for poor maternal nutrition. A high ratio o f placental weight to 
fetal weight at birth (placental ratio), however, did link to essential hypertension in later 
life [73]. Our data. Table 4.8, did show significant differences, at p <0.001 levels, 
between the normal birthweights groups, 3-to-4 kg, as compared to placental weight 
groups. It is, however, premature to speculate, and link this association to chronic 
anomalies in later fife, at this early stage. Barker and his associates found out that 
mother's diet rich in carbohydrates in early pregnancy suppresses placental growth. They 
speculated that such diet could have long-term consequences in relation to cardiovascular 
diseases in later fife [75]. A follow-up study with our experimental subjects will be 
necessary in order to underline the previous findings by others. Our data, at birth, could 
provide potentially invaluable baseline data for future investigations. It is also important 
to keep in mind that the extensive data on early nutrition, and later achievements in man 
have been quite difficult to interpret, because majority o f these studies looked into the 
malnourished children in developing countries, and have not been satisfactorily 
controlled [42-46]. It should be stressed that intrauterine growth, and birthweight is 
undoubtedly the result o f interactions between genetic and envnonmental factors in 
which early nutrition plays an important role [35, 36]. Anaemia and iron deficiency 
during pregnancy are also associated with large placental weight, and a high ratio o f 
placental weight to birthweight [56]. Authors have shown that large placental weights, 
and a high placental ratio, which are known predictors o f hypertension [53], aie also 
related to low maternal haemoglobin, and a fall in mean red blood cell volume [56]. 
Placental weight per se, however, does not limit the fetal growth, but rather a 
combination o f maternal, fetal, and placental factors all interact to regulate the fetal 
growth [138, 141].
There has been a considerable speculation that the high cholesterol, and saturated 
fat content o f human nfilk may program the lipid metabolism throughout fife, and thereby 
influence the risk o f cai'diovascular diseases in later fife [48, 66]. Again studies on
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laboratory animals have indicated that dietary manipulation o f cholesterol and fatty acid 
metabolism during prenatal, suckling and weaning can have persistent, and permanent 
effects on metabolism. Since development is a non-reversible process, there appears to 
be a critical period when changes in the diet can have lasting consequences [32,33]. 
Available evidences do indicate that similar phenomena occur in human. In infant, serum 
cholesterol concentration is related to day-to-day intake o f cholesterol and saturated fat 
[66]. Death rates, from the Hertfordshire studies were found to differ according to the 
methods o f infant feeding [59, 63]. Present study. Table 4.9, indicated that there were no 
significant differences between the birthweight groups o f newborn, and major lipid 
metabolites. However, it did indicate significant differences for high-density lipoprotein- 
cholesterol (HDL-C1& HDL-C2). Underweight babies, <2500 gms at biifh, had the 
highest HDL-cholesterol (mmol/L), while biithweight greater than 4 kg had the lowest 
HDL-cholesterol. Data clearly indicate that only HDL-cholesterol, and LDL-cholesterol 
showed significant differences between the birthweight groups at birth, at 6 weeks, and at 
one year. Accordingly, no significant differences were observed among the birthweight 
groups, for cholesterol, and triglyceride content. A word o f caution should be introduced 
in their interpretation since many confounding variables are involved m the 
characteristics o f subjects, includmg socio-economic, feeding practices and behavioural 
factors, as well as the age o f the neonates. Data o f Van Biervliet and his associates 
support the hypothesis that lipoprotein patterns in infants are sensitive to the type o f 
nutrition, and the breast feeding induces specific lipoprotein patterns as compared to 
formula feeding practices [201]. Thus, our results simply reflect the contribution of 
mother’s milk to the level o f HDL-cholesterol, albumin, cholesterol, and triglyceride, 
which indicate the Saudi adult dietary practices. Saudi neonates are exclusively breast 
fed, and it has been suggested that the dietary composition o f infants can play an 
important role in the development o f plasma lipoprotein profile [201]. Innis has also 
shown that cholesterol metabolism, and plasma cholesterol homeostasis in adult animal 
is, at least in part, a reflection o f nutritionally induced regulation of cholesterol pathway 
during their development in fetal and neonatal life [202]. Any interpretation concerning 
our data, at this early stage, would be speculative in nature; however, our findings do 
provide solid baseline data for future follow-up studies.
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Pearson's correlation coefficient revealed significant differences between the 
anthi'opometric and blood pressure variables as compared to biochemical concentration o f 
the neonates' plasma, Table 4.10. Transfer and metabolism of Ca also did show a 
significant correlation with the placental weight, at p < 0.01, as expected, since the 
transport o f calcium across the placenta is considered to be an indicator o f fetal growth 
[57]. Similarly, strong associations were also observed with other biochemical 
concentrations at (P < 0.01) levels. Significant, correlations were also found between 
abdominal chcumferences, and metabolites o f lipid metabolism, as well as urea, 
creatinine, and sodium indicating the growth, development, and the influence o f diet on 
intrauterine growth and birthweight [37, 53]. Table 4.10 also indicates significant 
correlations between diastolic blood pressure and total protein, serum albumin, and HDL- 
cholesterol, which could suggest the initiation of hypertension in utero, and its 
amplification throughout life [59,70,71]. Our result showed that weight gain and growth 
in the uterine, and during the first year o f life, is likely to reflect a number of 
environmental influences, and some o f which may continue to have effects throughout 
early life and beyond. Thus, birthweight, and weight-gain should be viewed in the 
context o f socio-economic environments [143].
Previous studies have indicated associations between anthropometric variables 
and cardiovascular diseases, and their risk factors [75-80]. These findmgs have been 
interpreted as indicators that undemutrition, and other adverse influences during the 
critical periods in utero may permanently programme the body's structure, physiology, 
and metabolism, leading toward an increased risk o f diseases in later life [57-74]. 
Concern about the importance o f maternal nutrition during pregnancy, and subsequent 
infant and child development have received a considerable amount o f interest and 
attention [13-46]. As a whole, the earlier, and prolonged the period o f deprivation, the 
more profound, and irreversible were the abnormalities observed [31-34]. The present 
study. Table 4.11, showed significant associations between the birthweight categories, 
and the anthropometric variables as well as blood pressures at birth, and at six weeks of 
age. Data presented in table appear to be in agreement, and supportive the findings o f the 
previous investigators cited above. The anthropometric values were within the range of
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those which were reported by others [183-193] m the Kingdom, and elsewhere. Rasheed 
and Rahman investigated the relative influence o f certain socio-demographic, biologic, 
genetic and medical correlates, and they concluded that babies born to consanguineous 
parents were, on the average, 74 gms lighter than those of non-consanguineous parents, 
and increased maternal age appeared to be a significant advantage to birthweight [190]. 
Present study was in agreement with these findings and such slightly lighter mean (±SD) 
birthweight values were expected in a population where consanguineous marriages were 
rampant (55.1%), and our subjects also showed some variation in regard to 
anthropometric variables, and were, however, comparable to those o f other reported 
values fi'om other regions [184] in the Kingdom, Asian countries [186], and industrialised 
western nations [185]. The percentage increments in birthweight classes decreased 
sharply between the values at birth and at six weeks of age suggesting that babies are 
exclusively breast-fed, and the affects o f intrauterine growth retardation (lUGR), due to 
early marriages, 75.5%, Table 4.1, were alleviated through breast feeding, 84.5%, Table 
4.2, right after the birth. The percent increments for systolic and diastolic blood pressure 
were high for the low birthweight, <2500 gms, babies, then decreased by more than 30% 
for the normal birthweight categories. Such findings are in agreement with those o f 
Barker and his associates [51,53,57], and fetal size may be inversely related to systolic 
blood pressure, which suggests that low birthweight, and lUGR may trigger raised blood 
pressure, and severe hypertension in later life [130]. Low birthweight babies might also 
have an increased risk o f cardiovascular diseases and diabetes as adults, in later life 
[115]. Present study, and findings, as presented, add to a growing body o f evidences, and 
suggest that there may be some association between lUG enviionment, and the 
cardiovascular, and hypertensive outcomes in later fife [57]. No associated patterns were 
observed for the pondéral indices between the birthweight groups as presented in Table 
4,11. However, babies with low pondéral indices are considered to be undernourished 
suggesting a poor intrauterine environment [57]. A significant link and association has 
also been reemphasised by Campbell et al. [99]. They concluded that dietary 
composition, animal protein and carbohydrate, in late pregnancy may influence their 
offsprings’ blood pressure in later life, and this is mediated through the placental growth. 
Because of the confounding variables in hands, such as; mothers’ characteristics, sample
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size, intrauterine environment, our result did not show any significant differences 
between the systofic and diastofic blood pressuies at birth and at six weeks. However, the 
blood pressui'e values, at one year, are foxmd to be significant among the birthweight 
groups.
The data presented in Table 4.12, do suggest, and are in agreement with other 
studies [80, 99, 156] that mothers' diet m pregnancy are finked to blood pressui’e in later 
adult life. The differences among the three groups of Pondéral Index, a more sensitive 
criterion for the intrauterine environment, over Macrosomia (head circumference / 
abdominal circumference) were significant at birth which support the view that 
mtrauterine environment, and maternal dietary practices (quality, fi’equency and 
composition) do influence the blood pressure in later fife [51,53,57, 80,99,128,129].
The above parameters and variables are also compared according to placental 
weights and placental ratio classes. Table 4.13. Our data showed significant differences 
between the blood pressure types and three placental ratio classes at birth, at six weeks, 
and at one year. The value o f Macrosomia at birth is not significant, but it is found to be 
highly significant at one year o f age. Since all these derived variables (Macrosomia, 
Placental ratio. Pondéral index), in one way or another, directly or indirectly, are related 
to maternal dietary practices, intrauterine environment, placental function, and pregnancy 
outcome, then it is safe to conclude that intrauterine environment does have a dominant 
effect on blood pressui'e. The highest blood pressures occurred in adults who had been 
small babies with large placentas. Such relations, as described by Barker and his 
associates [53], between placental and birthweight may lead to circulatory adaptation in 
fetus, altered arterial structure in the growing child, and thus, a hypertensive state in 
adults in later fife. Our data support this view [53]; and prevention may depend on 
improving the nutrition and health o f the mothers. Law and his associates also stated that 
neonates' systofic pressures were positively related to placental weight [55]. Again the 
same group of investigators showed that there were strong trends o f higher blood pressure 
in adult fife, with smaller fetus size, and greater placental weight at biith. They 
concluded that raised systofic blood pressures were linked not only to low birthweight, 
but also more strongly to larger placental weight [57]. Barker and his co-workers state 
that fetus's adaptations to undernutrition are associated with clianges in the concentration
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of fetal and placental hormones. Thus, persisting changes in the levels o f hormone 
secretion may link fetal undernutrition, and diseases in later life [65, 67]. Our data are 
inclined to support the conclusion o f Barker that maternal nutrition, and health status in 
general, may underline the programming o f hypertension during intrauterine life [67]. 
Maternal anaemia is one o f the intrauterine environmental factors which is associated 
with an increase m placental size at birth [53]. Thus, it is logical, and safe to concur that 
maternal dietary intake, during in early, and late pregnancy, in relation to placental, and 
fetal growth, could have long-term health consequences, in later life [76].
Serum biochemical components o f the neonates, at these early stages o f life, at six 
weeks, and at one year, as presented m Table 4.14, showed significant differences among 
the components investigated in regard to placental weights classes. There has been, 
however, a considerable speculation that the high cholesterol and saturated fat content of 
human milk may program the lipid metabolism throughout life, and thereby influence the 
risk o f cardiovascular diseases in later life [48,59,66]. Animal studies also showed that 
interference with cholesterol metabolism during the early stages o f development, and 
breast-feeding permanently could change the lipid metabolism [23, 25-27,31,32]. The 
available evidences indicate that similar phenomena occur m humans. In infants, serum 
cholesterol concentration is related to day-to-day intake o f cholesterol and saturated fat 
[66]. Over 84.5% Saudi neonates are breastfed, which reflect the maternal consumption 
pattern, and its composition, Table 4.2. Death rates, fi'om the Hertfordshire studies, were 
found to differ according to the method o f infant feeding [59, 63]. The hypothesis that 
eai'ly exposure to exogenous cholesterol protects against dietai'y induced 
hypercholesterolemia in later life has been evaluated in human. Glueck and Tsang 
reported that infants with neonatal type II hyperlipoproteinemia fed on bovine milk 
formula for the first six months had higher serum cholesterol levels than infants fed on a 
commercial formula low in cholesterol, and high in polyunsaturated fatty acids [203]. 
Friedman and Goldberg tested the hypothesis in infants and young children. Infants at 
two and four months o f age, who are breastfed, had a serum cholesterol concentration of 
147 mg/100 ml while foi'mula-fed infants had a serum cholesterol concentration o f 130 
mg/100 ml [204]. Breast milk contains 26 to 52 mg cholesterol per (8) ounces, while
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formula contains 5 to 8 mg cholesterol per (8) ounces [204]. Therefore, it is logical to 
conclude that the serum composition o f the breastfed Saudi neonates reflects the maternal 
dietaiy habit, and lipid metabolism.
The lipid metabolites, placental weights, placental ratio, and the albumin profiles 
o f the serum, presented in Table 4.14, 4.15, and 4.16, respectively, did show some 
significant associations, and differences at birth, at six weeks, and at one yeai' o f age. 
These differences and values could probably be due to variations in maternal 
consumption patterns, and placental enlargements. For instance, mothers who had high 
carbohydrate intake in early pregnancy had babies with smaller placentas and, thus lower 
birthweights [75]. The association between maternal enviionment, and placental 
adjustment was also proposed by Wheeler and his co-investigators [69]. While vascular 
adaptation o f placenta, as pointed out by the investigators, plays an important role, there 
are also other fimctional priorities, which could be considered [69]. Others have 
suggested that large placental weight and ratio are the consequences o f non deficiency, 
which induces placental enlargement (hypertrophy), that is unproportional to fetal size 
[56]. All these elaborations, suggestions, and speculations, underline the importance o f 
nutrition for the women o f child-bearing age, the pregnant women, and during the 
lactation. Thus, it would be safe to conclude that placental weight and ratio do not limit 
the fetal growth, but rather a combination o f maternal, fetal, and placental factors, all 
interact to regulate the fetal growth. All these interactions, and adaptations, whether 
cardiovascular, metabolic, or endocrine; could permanently change the structure, and 
function o f the body indicating the irregularities in nutrient supply to the fetus [162].
Haematological norms for the Saudi neonates have already been established by 
other studies [205-208]. Our results indicate that with the exception o f Mean Corpuscular 
Volume (MCV), and Mean Corpuscular Haemoglobin (MCH), there were significant 
differences for several haematological paiameters in question between the birthweights of 
neonates, and at one-year o f age. Table 4.17. For the normal biithweight groups (3000- 
4000 gms), however, significant differences were observed for all the variables 
investigated. These differences between the haematological parameters, at different 
birthweight groups, are expected due to plasma volume expansion. Study o f Steel et al.
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showed a striking association of birthweight with haemoglobin concentration (Hb g/dL) 
[74]. Present study also showed lower Hb concentration for all birthweight groups at one 
year of age. Low Hb concentration seems to indicate good expansion o f plasma volume, 
and might indicate that Hb concentration and birthweight are genetically programmed, 
and therefore physiological [74]. Lower Hb content is also associated with the systolic 
pressure of infancy, and lower weight gains, which suggest that poor maternal nutrition 
underlines the programming o f hypertension during intrauterine development [67].
Accordingly, as indicated in our results. Table 4.18, there were significant
differences, in regard to Hb concentrations, between the normal and anaemic subjects in
different birthweights at one year o f age, for selected anthropometric variables. Such 
variations for the variables in questions suggest plasma volume expansion, and the related 
physiological adaptations [74]. Our data clearly indicate that, at one year o f age, the 
birthweight categories did show significant associations with anthropometric variables, 
blood pressures, anaemia, and the lipid metabolites. As expected, a linear trend has been 
observed for all anthropometric variables at one year for all birthweight categories. All 
other variations appear to be the consequences o f intrauterine environments during 
pregnancy, which emphasizes the importance of maternal nutrition. Table 4.19.
Studies done by Barker and his co-workers are mostly retrospective [47-51,53- 
57,59-67,70-73,75,76,97,100,102-112,116-118,122,133-135,145-150,156,160-163]. 
Prospective studies o f this nature will be very difficult to follow for long term
consequences due to experimental subjects, design, socio-economic variables,
behavioural circumstances, and in short, quality, and quantity o f dietary intake. Data of 
the present prospective study are potentially very useful and provide baseline information 
for follow-up studies. Data o f Barker and his associates, as well as the data o f present 
prospective study suggest that weight at birth, and at one year, which is a potential 
markers o f intrauterine environment and early nutrition, are related to later death fiom 
cardiovascular diseases, blood lipid metabolites, insulin secretion and diabetes, obesity, 
clotting factors, atherosclerosis and hypertension [34]. Thus, adverse intrauterine 
environment, including nutrition, in the fetus and infancy could program the individual 
for increased risks o f adult degenerative diseases in later fife. These studies, by and large.
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do provide convincing evidences that nutrition in early life may influence a wide variety 
o f metabolic and pathologic processes in adulthood and health in later life which in turn 
supports the Bai’ker "fetuses' early nutrition hypothesis"; and concept o f programming 
[34].
Therefore, based on the prospective data presented, it is logical, and safe to 
conclude that nutrition in early life does influence the disease pattern in later life. The 
data in hand do provide ample evidences, which support the major objectives outlined, in 
this study.
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5. Retrospective Study
(Children from 3 to 15 years o f age)
5.1. Definition and Classification of variables under study
Described in section o f Prospective Study (Chapter 4)
Retrospective Studies
The subjects o f the retrospective study, children o f thiee to fifteen years of age, 
study design, and tools, the questionnaire, and eligibility criteria are described in detail in 
Chapter 3.
The general characteristics o f the subjects, both mothers and children, aie 
presented in Table 5.1. Mothers were classified according to their age, mean value 31.9 
yeai's (±SD 4.4), height; mean value 155.2 cm (±SD 5.02), as well as anaemia. Children, 
both boys and girls according to their age group, newborn and 3-to-15 years o f age, were 
classified by their birthweight groups as LBW, NBW and HBW as described previously. 
Over 96% of the mothers were between the ages o f 20 and 40 yeai s, and 88.8% o f them 
were between height ranges o f 145-160 cm. Only a small percentage o f mothers (6.8%) 
appeared to be anaemic. Similarly, the majority o f the children at birth, over 89%, were 
between the normal birthweight (NBW) ranges o f 3000-to-4000 gms. Over 93% of the 
male children, and 82.3% of the female children, age 3-to-15, were within the normal 
birthweight (NBW) range. However, 126 children (8.4%) weighed <2500gms at birth.
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Table 5.1
General characteristics of retrospective study group
Maternal details (%)
Maternal age (years) 
<20 
20-30 
-40 
>40
Mean ±SD
Maternal height (cm) 
<145 
145-160 
>160
Mean ±SD 
Mother Anaemic 
Yes 
No
31.9
155.2
0
617
836
52
20
1336
149
103
1402
±4.4
5.02
0
41
55.5
3.5
1.3
88.8
9.9
6.8
93.2
Sex (Newborn) Birthweight groups (gms) n, (%)
<2500gm -3000 gm -3500 gm -4000 gm >4000 gm
Boys (n=1041) 
Girls (n=464) 
Total, n= 1505(100.0)
56(5.4)
70(15.1)
126(8.4)
575(55.1)
230(49.6)
804(53.4)
343(32.9)
112(24.1)
455(30.2)
53(5.1)
40(8.6)
93(6.2)
15(1.4)
12(2.6)
27(1.8)
Child age group (years) Birthweight group of Boys (gms) n= 1041
<2500gm -3000 gm -3500 gm -4000 gm >4000 gm
3-5
6-9
10-12
13-15
Total, n= 1041(100.0)
3(5.1)
47(6.2)
6(3.1)
0
56(5.4)
29(49.2)
391(51.8)
133(68.2)
21(65.6)
574(55.1)
21(35.6)
265(35.1)
48(24.6)
9(28.1)
343(32.9)
2(3.4)
42(5.6)
7(3.6)
2(6.3)
53(5.1)
4(6.8)
10(1.3)
1(0.5)
0
15(1.4)
Child age group (years) Birthweight group of Girls (gms) n= 464
<2500gm -3000 gm -3500 gm -4000 gm >4000 gm
3-5 
6-9 
10-12 
13-15 
Total, n=464( 100.0)
6(13.3)
59(19.7)
5(5.1)
0
70(15.1)
6(13.3)
134(44.7)
73(73.7)
17(85.0)
230(49.6)
17(37.8)
76(25.3)
16(16.2)
3(15.0)
112(24.1)
15(33.3)
20(6.7)
5(5.1)
0
40(8.6)
1(2.2)
11(3.7)
0
0
12(2.6)
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The distribution o f anthropometric, blood pressures, cholesterol, glucose, and 
haemoglobin mean (±SD) values according to age and gender of the study subjects are 
presented in Table 5.2. The t-test showed significant differences between the height, 
weight, and glucose for boys and giiis at 3-to-5 years o f age (p<0.05). At the age group 6- 
9 years significant differences were found for all variables except diastolic blood pressure 
and glucose. For the age group between 10-12 years no significant differences were 
observed for all variables except mid arm circumference, and systolic blood pressure. For 
the age group 13-15 years significant difference were observed only in systolic blood 
pressure (mm Hg), glucose and haemoglobin (P<0.02) level, among the older children of 
both sexes. In each of the age groups 6-9 years and 13-15 years, the systolic BP is 
significantly higher in girls than m boys whereas there was no significant difference in 
diastolic BP in any age group. For child weight o f both sexes the highest change (%) 
increase was in age 10-12 years (hoys 41.5%, girls 59.6%), while the lowest was for age 
13-15 years (boys 37.2%, girls 33.4%). For boys the highest change (%) increase for 
weight was in age 10-12 years, for height in age 6-9 years (15.4%), for mid-arm 
circumference was in age 6-9 years (18.4%), and mid arm circumference was in age 10- 
12 years (19.5%) for body mass index was in age 10-12 years (14.1%). For systolic blood 
pressure no change was observed, while for diastolic blood pressure was in age 6-9 years 
(2.1%). Total cholesterol was higher in boys than in girls in the 6-9 years old children 
only. Blood glucose concentration was higher in boys than girls in the 3-5 year olds and 
in the 13-15 year olds. For Hb was in age 13-15 years. For girls the highest percentage 
was in age 10-12 years (59.6%). For systolic BP, diastolic BP, and haemoglobin Hb were 
in age 13-15 years (5.2%, 3.7%, 9,6%), for cholesterol was in age 10-12 years (8.5%).
The anthropometric variables, (birthweight, pondéral index and body mass index) 
o f the children, age 3 to 15 years, are presented in Table 5.3. As observed, almost 90% 
o f the children were within the normal birthweight (NBW) range (3000-4000 gms); and 
their pondéral index (Kg/m^) ranged from 25-to-29. Their body mass index (BMI), 
however, with majority o f observations (1029 of 1505 childien; 68.3%) falling at or 
below 16.5 kg/m^.
104
gon <N
CN <N \o
O n
(N es OO OO
(N
Cn| oes O nO O n
00NO o ONes
en
o
O n es
ON
es
OO NO
m
o Soo
NONONO <N 00
OO
g
O n<Nes
<Nes
oo
esNO esON r4
% ON esON
MM
U ^
O
Chapter 5
Table 5.3
Anthropometric variables at birth for children aged
(3-15 years)
Anthropometric n (%)
Birthweight (sms)
<2500 126 8.4
-3000 804 53.4
-3500 455 30.2
-4000 93 6.2
>4000 27 1.8
Total 1505 100
Pondera! Index of Child
<25 708 47.0
-27 474 31.5
-29 182 12.1
>29 141 9.4
Total 1505 100
Body Mass Index fBMI) of Child (Wt/Ht^)
<15.5 830 55.1
-16.5 199 13.2
-17.5 143 9. 5
>17.5 333 22.1
Total 1505 100
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The influences o f birthweight over the anthropometric variables o f children, aged 
3-to-15 years, are presented in Table 5.4. There were significant differences between the 
birthweight classes for body mass index (BMI), and head ciicumference for children aged 
3-5 years old. All these anthropometric variables were also found to be significant for 
children 6-9 years o f age group. Mid arm, and head circumference had no significant 
association with birthweight classes, for the children aged, lO-to-12 years. Low 
birthweight (LBW) showed the lowest mean values for all variables and all ages. Normal 
birthweight (NBW) showed the highest values for variables at 6-9 years except head 
circumference. High birthweight (HBW) highest values were reported for 3-5 years and 
10-12 years. The groups where the differences are observed, (using Scheffe’s test) and 
the corresponding P-values are shown in the table.
Table 5.5 presents the mean (±SD) anthropometric variables o f newborn 
according to then birthweights (<2500, -3000, -3500, -4000 gms, >4000 gms), and 
maternal heights (<145, 145-160, >160 cm), for birthweight a significant difference was 
observed between mother’s height with birthweight >2500 to -3000gms. For recumbent 
length a significant difference was observed between mother’s height with birthweight 
less than 2500 gms, and >3000- to 3500 gms. The highest recumbent length was 
observed for the tallest mothers >160 cm. For head circumference was observed >3000-to 
3500 gms. The smallest mothers had longer babies with smaller birthweights and hence 
the lowest pondéral indices. For pondéral index, a significant difference between 
mothers’ height was observed for biithweight less than 2500 gms and >3000 to -3500 
gms. For birthweight less than 2500 gms, pondéral index was higher with mothers’ height 
>160 cm, while for birthweight between >3000 to-3500 gms was higher with 145-160 
cm. For body mass index a significant difference between mothers’ height was observed 
for birthweight < 2500, >3000-3500gms and >3500 -4000 gms. For birthweight <2500 
gms, BMI was higher for mothers’ height >160 cm, for weight >3000-3500 gms, was 
higher for 145-160 cm and for birthweight >3500-4000 gms was higher with height >160 
cm respectively. The groups where the differences are observed, (using Scheffe’s test) 
and the corresponding P-values are shown in the table.
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Table 5.4
Anthropometric variables according to birthweight classes
Birthweight classes (kg)
ChilcTs 
age in 
years
Anthropometric
variables LBWn=126 
Mean ±SD
NBW
n=1352 
Mean ±SD
HBW
n=27 
Mean ±SD
F-test at 
(0.05) 
P-value
Between 
Classes* 
ScheBe s test
f-value
Weight (kg) 15.8 ±1.7 16.8 ±2.4 16.7 ±1.2 NS
Height (cm) 106.2 ±7.5 106.3 ±6.3 102.1 ±7.8 NS
3-5
Body mass (weight/height )^ 14.1 ±1.1 14.9 ±1.2 16.1 ±1.3 .004 LBW, HBW NBW, HBW
0.004
0.03
(years) Mid arm circum.(cm) 16.0 ±0.66 16.6 ±1.6 17.3 ±0.46 NS
Head circumference (cm) 50.3 ±2.6 51.0 ±1.5 52.6 ±1.7 .01 LBW, HBW NBW, HBW
0.004
0.03
Weight (kg) 19.9 ±4.7 23.6 ±5.2 21.5 ±3.3 .000 LBW, NBW 0.000
Height (cm) 115.3 ±9.2 122.8 ±8.9 118.2 ±7.4 .000 LBW, NBW NBW, HBW
0.000
0.02
6-9
(years)
Body mass (weight/hei^t^) 14.9 ±2.7 15.5 ±2.3 15.3 ±1.4 .03 LBW, NBW 0.03
Mid arm circumference (cm 16.6 ±1.7 18.0 ±2.7 17.7 ±1.5 .000 LBW, NBW LBW, HBW
0.000
0.000
Head circumference 49.6 ±2.6 51.3 ±1.8 51.7 ±2.3 0.000 LBW, NBW LBW, HBW
0.000
0.000
Weight (kg) 28.0 ±7.3 33.9 ±8.8 43.3 ±7.4 .02 LBW, HBW 0.03
10-12
(years)
Height (cm) 130 ±5.0 137.6 ± 8 .4 139 ±9.6 .02 LBW, NBW 0.03
Body mass (weight/hei^t^) 16.3 ±2.5 17.8 ±3.6 22.3 ±0.93 .03 LBW, HBW 0.04
Mid arm circum. (cm) 18 ±2.1 19.7 ±3.3 20.3 ±1.5 NS
Head circumference (cm) 51.5 ±3.3 52.4 ±1.8 54.2 ±0.34 NS
Weight (kg) — 46.0 ±9.8 38.0 —
13-15
(years)
Height (cm) — 152.6 ±9.7 156.0 —
Body mass (weight/hei^t^) — 19.8 ±4.0 15.6 —
Mid arm circum. (cm) — 20.6 ±3.8 23.0 —
Head circumference (cm) — 53.3 ±1.5 58.0 —
*LBW -  Low birthweight 
NS- Not significant
NBW -  Normal birthweight HBW -  High birthweight
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The anthropometric variables by biithweight groups are compared according to 
mother's age group, and health status (anaemic) in Table 5.6. Data o f this table compares 
the variables according to mothers who are 20-30 years of age. There were significant 
differences between the birthweight groups, mothers' health status, and the 
anthropometric variables investigated. For all anthiopometric variables with low 
birthweight less than 2500 gms, a significant difference was observed for anaemic and 
non-anaemic mother. Non-anaemic mothers reported the highest mean values for all 
variables except for pondéral index. For other birthweight groups no significant 
differences were observed between anaemic and non-anaemic mothers for aU variables 
except for birthweight and placental weight at -BOOOgms. For head circumference, and 
pondéral index at -3500gms.
The anthropometric variables by birthweight groups are compared according to 
mother's age group, and health status (anaemic) in Table 5.7. Data o f this table compare 
the variables according to mothers who are >30-40 years of age. Non-anaemic mothers 
showed the highest mean values for aU variables measured except pondéral index. 
Pondéral index for anaemic mothers, in low birthweight group, is comparable with other 
pondéral index for the birthweight groups. For low birthweight ANOVA showed a 
significant differences between anaemic and non-anaemic mothers for all variables 
except birthweight. For other birthweight groups no significant differences were observed 
between anaemic and non-anaemic mothers for all variables measured except placental 
weight for weight -4000gms.
The anthropometric variables by birthweight groups are compared according to 
mother's age group, and health status (anaemic) in Table 5.8. Data of this table compares 
the variables according to mothers who are >40 years o f age. For low birthweight 
(<2500gms) no significant differences were observed between anaemic and non-anaemic 
mothers for all variables except head circumference and pondéral index. For birthweight 
and pondéral index anaemic mothers showed higher mean values than non-anaemic 
mothers. For birthweight group -4000gms, no significant differences were noted between
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anaemic and non-anaemic mothers for all variables. For birthweight group -3000gms a 
significant difference was observed between all groups except for birthweight, and 
placental weight. For head circumference, and pondéral index a higher mean values were 
observed for anaemic mothers.
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The mean (±SD) anthropometric values of newborn, both male and female 
subjects, 1041 and 464 in numbers, respectively, and their percentile distribution are 
presented in Table 5.9. For aU anthropometric measurements the means were the same 
for boys and girls, the percentile distribution o f all variables were higher for boys than 
girls. For birthweight gioup (<50^') the range for birthweight is 2.0-2.9 kg, for recumbent 
length is 45-49 cm, for head circumference 32 - 33.9 cm, for placental weight 450-500 
gms, for pondéral index (kg/m^) 20 - 23.8, for body mass index was (kg/m^) 12.8-14.1. 
Mean values for all variables are higher for boys except placental weight.
The distributions o f placental weights (gms), according to birthweight (gms) 
categories <2500, -3000, -3500, -4000, >4000gms) are presented in Table 5.10. As 
indicated in the table, the majority o f the newborn, both male and female, (1352), were in 
the normal birthweight (NBW) category. Analyses o f variance for the parameters in 
questions showed significant differences between the placental weights groups for all 
birthweight groups except at high birthweight (>4000 gms). For placental weight, infants 
with low birthweight showed the lowest mean. The comparison between means was 
evaluated by Scheffe's test, as shown in the table.
The mean (±SD) blood pressure values o f low birthweight, (LBW) <2500 gms, 
and normal birthweight, NBW >2500 gms, children are presented in Table 5.11. The t- 
test showed a significant difference between systolic and diastolic for both (low & 
normal) birthweight groups (p<0.001). Systolic and diastolic blood pressures were higher 
for low birthweight.
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Table 5.9
Anthropometric measurements of the newborn
Variables
Newborn (n=I505)
Mean ±SD Percentile, n (%)5* 10“ 25® 50® 75® 90“ 95®
Birthweight (kg) 3.0 0.49 <50® n=429 (28.5) 2.0 2.5 2.9
50® -90® n=956(63.5) 
3.0 3.2 3.5
>90® n= 120(8.%) 
3.75
Recumbent length (cm) 49.13 2.4 n=730 (48.5) 45 47.9 49
n= 657 (43.7) 
49.4 50 51
n=118(7.8%)
52
Head circumference (cm) 34.03 1.33 n=731 (48.6)32 33 33.9
n=647 (43.0) 
34.1 34.2 35
n=127 (8.4%) 
36
Placental weight (gm) 601.5 126.3 n=629(41.8) 450 453 500
n=754 (50.1) 
600 650 750
n=122 (8.1%) 
850
Fonderai Index (kg/m^) 25.65 6.93 n=778 (51.7) 20.0 21.9 23.86
n=582 (38.7) 
25.2 26.7 28.9
n=145 (9.6%) 
30.2
Body Mass Index (Wt/Ht^) 16.0 2.9 n=751 (49.9) 12.8 13.3 14.1
n=601 (39.9) 
15.2 17.0 20.0
n=153 (10.2%) 
22.2
Variables
Boys (n=104I)
Mean ±SD Percentile5® 10® 25® 50® 75® 90® 95®
Birthweight (kg) 3.0 0.42 2.4 2.6 2.9 3.0 3.2 3.5 3.6
Recumbent length (cm) 49.2 2.1 47.5 48.1 49 49.4 49.9 50.5 52
Head circumference (cm) 34.1 I.O 33.0 33.6 34.0 34.5 34.7 35.0 36.0
Placental weight (gm) 592.9 108.0 450 458 500 600 650 700 800
Pondéral Index (kg/m^) 25.7 6.4 20.9 22.3 24.0 25.3 26.6 28.9 29.9
Body Mass Index (Wt/Ht^) 16.2 2.9 13.0 13.6 14.3 15.3 17.1 20.1 22.4
Variables
Girls (n=464)
Mean ±SD Percentile5® 10® 25® 50® 75® 90® 95®
Birthweight (kg) 3.0 0.62 1.7 2.1 2.8 3.0 3.2 3.6 3.8
Recumbent length (cm) 48.9 3.0 42 45.2 48 49.5 50 52 53
Head circumference (cm) 33.8 1.8 30.0 31.5 33.5 34.0 34.5 35.5 36.5
Placental weight (gm) 620.8 158.0 400 450 500 600 700 800 900
Pondéral Index (kg/m^) 25.5 7.9 19.0 20.4 23.7 24.7 26.8 29.0 31.0
Body Mass Index (Wt/Ht^) 15.7 2.89 12.2 12.9 13.85 15.0 16.8 20.0 21.9
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Table 5.10
Distribution of Placental weight according to birthweight
Birthweight
(gms)
Placental weight (gms)
n <455 gms 455-570 gms 571-680 gms >680 gms
P
value
Mean ±SD Mean ±SD Mean ±SD Mean ±SD
<2500 126 a*1.8 0.31
ab
2.0 0.33
b
2.2 0.26
ab
2.1 0.28 0.001
-3000 804 a2.8 0.19
b
2.9 0.14
b
2.9 0.11
a
2.8 0.16 0.000
-3500 455 a3.2 0.14
ab
3.3 0.15
a
3.2 0.13
b
3.3 0.13 0.000
-4000 93 a3.8 0.18
a
3.9 0.20
a
3.7 0.12
a
3.8 0.16 0.06
>4000 27 a4.2 0.0
a
4.8 0.27
a
4.2 0.0
a
4.7 0.97 NS
F-test
*Means in the same row following by the same letter are not significantly different from each other 
Scheffe’s test.
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Table 5.11
Blood pressure of children according to low birthweight, 
normal birthweight, and high birthweight
Sex (n=1505)
Birthweight group (gms)
Blood pressure
(mm Hg)
Low birthweight
(<2500 gms)
Normal birthweight
(2500-4000 gms)
High birthweight
(>4000 gms)
P
value
n Mean ±SD n Mean +SD n Mean +SD
Systolic BP 126
b*
122.4 13.5 1352
a
110.8 10.7 27
a
108.7 10.9 0.000
Diastolic BP 126
b
77.3 5.6 1352
ab
76.2 5.2 27
a
74.6 4.4 0.02
F-test
*In the same rows means followed by the same letter are not significantly different from each other 
according to Scheffe’s test.
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The mean blood pressure values, both systolic and diastolic, are compared to 
selected anthropometric parameters, birthweight (gms), recumbent length (cm), body 
mass index, and pondéral index (Kg/m^), in Table 5.12. ANOVA showed significant 
differences between systolic blood pressure and all variables. For birthweight the highest 
systolic blood pressure was observed for birthweight <2500gms, for recumbent length 
was for 50 cm, for pondéral index at <25, and the body mass index at <15.5. In regard to 
diastolic blood pressure, no significant difference was observed among these variables, 
except for body mass index where the highest mean was observed for >17.5.
The mean (±SD) blood pressure values, both systolic and diastolic (mm Hg), are 
compared to birthweight categories o f both sexes, as shown in Table 5.13. For boys, 
ANOVA showed significant differences between birthweight groups for systolic and 
diastolic blood pressures (p<0.01). The highest blood pressure, for both systolic and 
diastolic, was observed for birthweight less than 2500gms. For girls, a significant 
difference between birthweight groups, for only systolic blood pressure (p<0.01). The 
Scheffe's test was performed for statistical evaluations. For systolic blood pressure a 
significant difiference was observed between sexes and birthweights. An interaction was 
detected between the genders and birthweight categories at P <0.002 levels. This suggests 
that systolic blood pressures are not the same between the genders at different 
birthweight categories. The groups where the differences are observed, (using Scheffe’s 
test) and the corresponding P-values are shown in the table.
Table 5.14 shows the mean values for the systolic and diastolic blood pressure 
measurements according to sex, birthweight, and the children ages. For children o f both 
sexes, the values for the systolic blood pressure were higher, 3-5, 6-9, and 10-12 years o f 
age who weighed less than 2500gms at birth than in those who weighed more than 
2500gms. Moreover, the values were similar in both boys and girls o f each age, and of 
each birthweight. The mean values for the diastolic blood pressure were all lower than 
these for the systolic blood pressure and the values for those children that weighed 
<2500gms were at significant different from those who weighed more than 2500gms at 
birth.
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Table 5.12
Mean blood pressure of children related to birthweight,
Systolic BP (mm Hg) Diastolic BP (mm Hg)
Variables n Mean ±SD Mean ±SD
Birthweight (Kg)
<2.5 126 122.4 b* 13.5 77.3 b 5.6
-3.0 804 111.3 a 11.3 76.2 ab 5.6
-3.5 455 110.9 a 10.0 76.3 ab 4.8
-4.0 93 107.5 a 9.0 75.7 ab 4.2
>4 
P value
27 108.8 a
0.000
10.1 74.6 a
NS
4.4
Recumbent length (cm)
< 50 370 114.5 c 12.6 76.4 a 5.3
-5 0 739 111.6 b 11.1 76.5 a 5.4
> 5 0  
P value
396 109.7 a
0.000
10.5 75.8 a
NS
4.8
Pondéral Index (kg/m^)
<25 708 112.7 a 12.0 76.4 a 5.5
-27 474 110 b 10.6 76 a 5.0
-29 182 112.3 a 11.7 76.5 a 5.2
>29 
P value
141 112 a
0.001
10.4 76.2 a
NS
4.7
Body Mass Index (BMI) 
(kg/m^)
<15.5 830 110.7 a 11.2 75.8 a 4.8
-16.5 199 110.5 a 11.2 75.9 a 5.2
-17.5 143 111.2 ab 11.1 76.2 a 5.5
>17.5 
P value
333 115.6 b
0.0001
11.5 77.7 b
0.0001
5.9
F-test
* In the same column means 
according to Scheffe’s test.
NS: Not significant 
followed by the same letter are not significantly different from each other
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Table 5.13
Mean blood pressure according to sex and birthweight
Blood pressure
Boys (n=1041)
Birthweight (gms)
<2500 (gms) 
(n=56)
-3000 (gms) 
(n=574)
-3500 (gms) 
(n=343)
-4000 (gms) 
(n=53)
>4000 (gms) 
(n=15) P
valueMean ±SD Mean ±SD Mean ±SD Mean ±SD Mean ±SD
Systolic BP (mm Hg) b*
123 14.7
a
109.9 10.9
a
111 10.0
a
107.7 8.0
a
106.9 7.8 0.000
Diastolic BP (mm Hg) b
78.8 5.5
ab
76.2 5.2
ab
76.4 4.7
ab
75.6 4.0
a
74.5 4.2 0.002
Blood pressure
Girls (n=464)
Birthweight (gms)
<2500 (gms) 
(n=70)
-3000 (gms) 
(n=230)
-3500 (gms) 
(n=112)
-4000 (gms) 
(n=40)
>4000 (gms) 
(n=12) P
valueMean ±SD Mean ±SD Mean ±SD Mean ±SD Mean ±SD
Systolic BP (mm Hg) b
121.5 12.5
ab
114.8 11.3
a
110.2 9.9
a
107.2 10.2
a
111 12.4 0.000
Diastolic BP (mm Hg) a
76 5.4
a
76.3 6.3
a
75.9 5.1
a
75.9 4.4
a
74.8 4.7 NS
F-test
*Means in the same row following by the same letter are not significantly different from each other 
Scheffe’s test.
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Mean blood pressure according to sex, birthweight and children's age
Birthweight igms)
Blood
Pressure
(mm Hg)
Child’s age
(years)
<2500 (gms) 
Boys n=56 
Girls n=70
-3000 (gms) 
Boys n=574 
Girls n-230
-3500 (gms) 
Boys n=343 
Girls n=l 12
-4000(gm) 
Boys n=53 
Girls n=40
<4000 (gms) 
Boys n=15 
Girls n=12
P
value
Mean ±SD Mean ±SD Mean ±SD Mean ±SD Mean ±SD
Boys n=1041
3-5 124.7 ±14.4 108.3 ±11.3 110 ±7.7 100 ±0.0 107 ±1.1 0.05
6-9 124.2 ±14.2 109.3 ±10.7 111 ±9.9 108 ±8.5 106 ±9.7 0.000
10-12 117.2 ±18.9 111.5 ±11.2 113 ±11.4 107 ±3.8 108 ±0.0 NS
Systolic BP 13-15 — 112.4 ±12.3 115 ±11.6 110 ±14.1 — NS
(mm Hg) Girls n=464
3-5 129.3 ±9.3 112.2 ±11.3 101.4 ±5.4 108 ±11.9 115 ±0.0 0.000
6-9 120.3 ±12.6 114.2 ±11.2 109.8 ±8.9 105 ±9.5 111 ±13.0 0.000
10-12 125.6 ±12.9 114.5±11.3 118.6 ±9.0 113 ±5.1 — NS
13-15 — 121.2 ±11.4 125 ±8.1 — — NS
Boys n=1041
3-5 76.7 ±4.9 74.7 ±4.8 75 ±3.4 78 ±0.0 74.5 ±4.1 NS
6-9 78.9 ±5.7 76.4 ±5.1 77 ±4.6 76 ±4.0 74 ±4.3 0.004
10-12 79.2 ±4.8 76 ±5.6 75 ±4.8 74.3 ±4.9 80 ±0.0 NS
Diastolic BP 
(mm Hg)
13-15 — 76 ±5.1 77 ±7.2 77 ±1.4 — NS
P value NS NS NS NS NS
Girls n=464
3-5 81.6 ±4.6 72 ±3.0 72 ±3.1 75.2 ±4.9 70 ±0.0 0.000
6-9 75.4 ±5.0 77 ±6.1 76 ±4.8 76 ±4.6 75 ±4.7 NS
10-12 76.2 ±2.8 76 ±6.3 77 ±6.6 77.4 ±1.6 — NS
13-15 - 79 ±7.3 79 ±1.7 — — NS
Birthweight classes (gms)
Child’s age in 
years
Type of 
blood 
pressure
LBW
n=126 
Mean ±SD
NBW
n=1352 
Mean ±SD
HBW
n=27 
Mean ±SD
F-test at 
(0.05) 
P-value
Scheffe’s
test*
P
value
Mean BP 104.4 ±6.8 90.8 ±6.05 91.1 ±2.3 .000 LBW, NBW LBW, HBW
.000
.000
(3-5 years) Systolic BP 127+8 ±108 107.4 ±10.0 108.6 ±3.7 .000
LBW, NBW 
LBW, HBW
.000
.004
Diastolic BP 81.1 ±6.2 74.2 ±4.3 73.6 ±4.04 .000 LBW, NBW LBW, HBW
.000
.01
Mean BP 99.5 ±8.5 93.4 ±6.8 91.7 ±6.6 .000 LBW, NBW LBW, HBW
.000
.000
6-9 (years) Systolic BP 122.0 ±13.5 110.3 ±10.4 108.9 ±11.4 .000 LBW, NBW LBW, HBW
.000
.000
Diastolic BP 76.9 ±5.6 76.5 ±5.1 74.6 ±4.50 NS
Mean BP 99.4 ±9.0 94.3 ±7.5 94.0 ±2.0 NS
10-12 (years) Systolic BP 121 ±16.2 112.8 ±11.1 108 ±1.0 0.05
Diastolic BP 77.8 ±41 75.8 ±5.7 75 ±5.0 NS
*LBW- Low birthweight 
F-test
NBW- Normal birthweight HBW- High birthweight 
NS: Not significant
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The mean (±SD) plasma values for cholesterol (mmol/L), high-density lipoprotein 
(HDL-C, mmol/L), low-density lipoprotein (LDL-C, mmol/L), and triacylglycerol (TAG) 
(g/L) are compared according to birthweight groups (gms), children ages (years), and 
gender o f the subjects, as presented in Table 5.15. Significant differences were observed 
in cholesterol concentration between the birthweight, and gender, and an interaction 
between sex and birthweight group was detected (p<0.01). A significant difference was 
observed in cholesterol concentration between the birthweight -3500gms at different 
ages. A higher mean concentration o f cholesterol was shown for both genders, in higher 
birthweight group (>4000 gms) at different child ages; while the lowest cholesterol 
contents were observed for both genders in lower birthweight group (<2500 gms). For 
the boys, the cholesterol content went up until the birthweight group o f -3500 gms, 
>4000gms, and then a sharp decrease were noticed. The female subjects did not follow 
the same pattern. Also an interaction was detected for HDL-C and LDL-C (p<0.01). For 
aU birthweight groups HDL-C was higher for girls than boys. While LDL-C, boys were 
higher for all birthweight groups except at birthweight group greater than 4000 gms. For 
both sexes, and for low birthweight (2500gms), no significant difference was detected for 
age groups except HDL-C for girls where the highest mean was observed for 10-12 years 
(2.2 mmol/L) for all age groups, the lowest value was observed for 3-5 yeais group. This 
value is even higher than other birthweight groups at the same age group. For other 
groups a significant difference between age groups was just for age groups (-3000 gms, 
and -3500 gms) only for boys for HDL-C & LDL-C.
The variables o f lipid metabolites (LDL-cholesterol, cholesterol, triacylglycerols 
(TAG) and HDL-cholesterol) were statistically evaluated according to subjects' age and 
birthweight categories as presented in Table 5.16. ANOVA showed significant 
differences between the cholesterol and triacylglycerol (TAG) content as related to 
birthweights o f low, normal, and high birthweight at 3-5 years. With the exception of 
triacylglycerol (TAG), all the metabolic variables did show significant differences for 
birthweight classes as associated with the age categories o f 6-9 and, lO-to-12 years, 
(P<0.01) values. For low birthweight, the highest means for all variables was obtained for
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6-9 years except for HDL-cholesterol where the highest means was obtained for 10-12 
years. The groups where the differences were observed, (using Scheffe’s test) and the 
corresponding P-values are shown in the table.
Table 5.17. Presents blood pressures, both systolic and diastolic, and lipid 
metabolites as compared to recumbent length categories o f the subjects investigated. 
ANOVA showed that, the mean blood pressure, systolic blood pressures and lipid 
metabolites are found to be significantly associated with the recumbent length classes 
(RCM, 1,2,3)= <50, -50, >50 cm). The diastolic blood pressure, and triacylglycerol 
(TAG), however, showed no significant association with the recumbent length. For 
systolic blood pressure the highest mean is obtained for low recumbent length (<50cm). 
For LDL-C, and cholesterol the highest means were obtained for the group (<50 to -  
50cm) while for HDL-C the highest mean is obtained for recumbent length group >50cm. 
The groups where the differences are observed, (using Scheffe’s test) and the 
corresponding P-values are shown in the table.
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Table 5.16
Lipid metabolites according to birthweight classes for children
Birthweight classes (kg)
Child’s age Variables LBW NBW HBW F-test at Betweenin years n=126 n=1334 n=45 (0.05) Classes* P-value
Mean 4&D Mean ±SD Mean ±SD F-value Scheffe’s test
LDL-cholesterol 2.1 ±0.60 2.6 ±0.77 2.5 ±1.9 NS
(3-5 years) Cholesterol 3.5 ±0.44 4.2 ±0.66 4.1 ±1.5 .01 LBW, NBW .02Triacylglycerol 0.70 ±0.57 1.2 ±0.56 1.2 ±0.55 .04 LBW, NBW .04
HDL-cholesterol 0.98 ±0.38 1.0 ±0.48 0.96 ±0.26 NS
LDL-cholesterol 2.3 ±0.88 3.1 ±0.94 3.0 ±0.82 .0001 LBW, NBW LBW, HBW
.0001
.0001
6-9
(years)
Cholesterol 3.9 ±1.0 4.4 ±0.79 4.5 ±0.7 .0001 LBW, NBW LBW, HBW
.0001
.0001
Triacylglycerol 1.0 ±0.61 1.0 ±0.55 1.1 ±0.62 NS
HDL-cholesterol 1.2 ±0.59 0.85 ±0.47 1.1 ±0.43 .0001 LBW, NBW NBW, HBW
.0001
0.04
LDL-cholesterol 1.9 ±0.94 2.9 ±0.99 1.8 ±0.21 .001 LBW, NBW .004
10-12 Cholesterol 3.8 ±0.92 4.4 ±0.74 3.7 ±0.66 .01 LBW, NBW .03
(years) Triacylglycerol 1.0 ±0.45 1.2 ±0.66 1.2 ±0.17 NS
HDL-cholesterol 1.4 ±0.78 0.91 ±0.48 1.4 ±0.52 .001 LBW, NBW 0.01
LDL -cholesterol — 2.5 ±0.82 2.5 —
13-15 Cholesterol — 4.1 ±0.70 4.1 —
(years) Triacylglycerol — 1.3 ±0.70 1.5 —
HDL-cholesterol — 1.0 ±0.43 .96 —
NBW -  Normal birthweight HBW -  High birthweight*LBW -  Low birthweight 
NS- Not significant
Cholesterol; Reference range, 2.8 -  4.8 mmol/L.
Triacylglycerol (TAG): Reference range, 0.30 -  1.38 g/L.
HDL-C: Reference range, 1 .1 -2 .1 5  mmol/L.
LDL-C: Reference range, 1.5 -  4.4 mmol/L.
Ref. (Nelson. Textbook of Paediatrics, Laboratory Medicine Testing, and Reference Values in Infants and Children); 
Fourteenth Edition. 1992.
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Table 5.17
Blood pressure and Lipid metabolites according to Recumbent
Recumbent length (cm)
Variables <50 (cm) -50 (cm) >50 (cm) F-test at Between
n=370 n=737 n=396 (0.05) Classes* F-value
Mean ±SD Mean ±SD Mean ±SD f-value Scheffe’s test
RCM1,RCM2 .01
Mean blood pressure 95.4 ±8.0 94.0 ±7.3 92.8 ±6.7 .000 RCM1,RCM3 
RCM2, RCM3
.00
.02
RCMl, RCM2 .000
Systolic blood pressure 114.5 ±12.6 111.6 ±11.1 109.7 ±10.6 .000 RCM1,RCM3 
RCM2, RCM3
.000
.03
Diastolic blood pressure 76.4 ±5.3 76.5 ±5.4 75.8 ±4.8 NS
LDL-cholesterol 2.8 ±0.98 3.1 ±0.98 2.8 ±0.91 .000 RCM1,RCM2 RCM2, RCM3
.000
.000
Cholesterol 4.2 ±0.88 4.4 ±0.79 4.3 ±0.74 .000 RCMl, RCM2 .000
Triacylglycerol 1.1 ±0.63 1.05 ±0.55 1.1 ±0.61 NS
RCMl, RCM2 .01
HDL-cholesterol 0.94 ±0.53 0.85 ±0.47 1.0 ±0.48 .000 RCMl, RCM3 
RCM2, RCM3
.04
.000
NS- Not significant*RCM -  Recumbent length classes 
Cholesterol: Reference range, 2.8 - 4 .8  mmol/L.
Triacylglycerol (TAG): Reference range, 0.30 -  1.38 g/L.
HDL-C: Reference range, 1 .1 -2 .1 5  mmol/L.
LDL-C: Reference range, 1.5 -  4.4 mmol/L.
Ref. (Nelson. Textbook of Paediatrics, Laboratory Medicine Testing, and Reference Values in Infants and 
Children); Fourteenth Edition. 1992.
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The blood pressures both, (systolic, diastolic), and lipid metaboHtes, as related to 
head circumferences o f the subjects were presented in Table 5.18. ANOVA showed 
significant differences between head circumference classes for all variables except 
diastolic blood pressure and triacylglycerol (TAG). For systolic blood pressure, mean 
blood pressure, and HDL-C the highest mean was observed for less than (<25*) head 
circumference classes while for LDL-C and cholesterol the highest mean was observed 
for middle classes (25 ’^’ -75^’’). With the exception o f triacylglycerol (TAG) and diastolic 
blood pressures, the other variables did show significant associations (ANOVA) with the 
head circumferences classes (p<0.01). The groups where the differences were observed, 
(using Scheffe’s test) and the corresponding f-values are presented in the table.
The data on blood pressures, both (systolic, diastolic), and lipid metabolites as 
related to placental ratio classes were presented in Table 5.19. With the exception of 
triacylglycerol (TAG) and diastolic blood pressures; all other variables were significantly 
associated (ANOVA), with the placental ratio classes (PLCR). For the low placental ratio 
class (<25^‘^ ) the highest mean values were obtained for mean blood pressure 
(95.7 mm Hg), systolic blood pressure (114.8 mm Hg) and HDL-C (0.97). For LDL-C, 
the highest mean value was obtained for >75* (3.1). The groups where the differences 
were observed, (using Scheffe’s test) and the corresponding P-values are shown in the 
table.
Table 5.20, presents the variables o f blood pressures, both systolic and diastolic, 
and lipid metabolites as compared to pondéral index classes (Kg/m^, POND) o f the 
subjects. With the exception o f triacylglycerol (TAG) and diastolic blood pressures; all 
other variables were significantly associated (ANOVA), with the pondéral index classes 
(POND), (P<0.01). For the low pondéral index class (25*) the highest mean value were 
obtained for systolic blood pressure (113.6 mm Hg), and mean blood pressure (94.9 mm 
Hg). For LDL-C, and Cholesterol the highest mean values were reported for higher 
pondéral index classes (75*). The groups where the differences were observed, (using 
Scheffe’s test) and the corresponding P-values are shown in the table.
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Table 5.18
Blood pressure, and Lipid metabolites according to Head
circumference classes
Head circumference (cm)
Variables <25® 
n=296 
Mean ±SD
25® -75® 
n=650 
Mean ±SD
>75® 
n=559 
Mean ±SD
F-test at 
(0.05) 
F-value
Between Classes* 
Scheffe’s test F-value
Mean blood pressure 95.5 ±8.2 93.9 ±7.2 93.4 ±6.9 .000 HDCR1,HDCR2HDCR1,HDCR3
.001
.000
Systolic blood pressure 114.7 ±13.2 111.4 ±11.0 110.7 ±10.6 .000 HDCR1,HDCR2HDCR1,HDCR3
.000
.000
Diastolic blood pressure 76.4 ±5.3 76.3 ±5.4 76.1 ±5.1 NS
HDCRl, HDCR2 .000
LDL-C 2.7 ±0.90 3.1 ±0.96 2.9 ±0.99 .000 HDCRl, HDCR3 
HDCR2, HDCR3
.001
.001
Cholesterol 4.2 ±0.82 4.5 ±0.78 4.4 ±0.81 .000 HDCRl, HDCR2 HDCRl, HDCR3
.000
.000
Triacylglycerol 1.1 ±0.62 1.05 ±0.58 1.1 ±0.58 NS
HDL-C 1.0 ±0.53 0.81 ±0.46 0.99 ±0.48 .000 HDCRl, HDCR2 HDCR2, HDCR3
.000
.000
*HDCR -  head circumference classes 
Cholesterol: Reference range, 2.8 -  4.8 mmol/L.
Triacylglycerol (TAG): Reference range, 0.30 -  1.38 g/L.
HDL-C: Reference range, 1.1 -2 .1 5  mmol/L.
LDL-C: Reference range, 1.5 -  4.4 mmol/L.
Ref. (Nelson. Textbook of Paediatrics, Laboratory Medicine Testing, and Reference Values in Infants and 
Children); Fourteenth Edition. 1992.
NS -  Not significant
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Table 5.19
Blood pressure and Lipid metabolites according to Placental
Ratio classes
Placental ratio classes
Variables <25® 25®-75® >75® F-test at Between Pn=324 n=787 n=394 (0.05) Classes* rvalueMean ±SD Mean ±SD Mean ±SD P-value Scheffe’s test
Mean blood pressure 95.7 ±8.0 93.8 ±7.1 93.2 ±7.2 .000 PLCR1,PLCR2PLCR1,PLCR3
.001
.000
Systolic blood pressure 114.8 ±12.6 111.4 ±10.9 110.2 ±11.0 .000 PLCRLPLCR2PLCR1,PLCR3
.000
.000
Diastolic blood pressure 76.5 ±5.6 76.2 ±5.1 76.1 ±5.3 NS
LDL-C 2.8 ±1.0 2.9 ±0.97 3.1 ±0.95 .000 PLCR1,PLCR3 PLCR2, PLCR3
.000
.02
Cholesterol 4.3 ±0.89 4.4 ±0.78 4.4 ±0.77 .04 PLCR1,PLCR3 .05
Triacylglycerol 1.1 ±0.57 1.09 ±0.60 1.1 ±0.58 NS
HDL-C 0.97 ±0.49 0.94 ±0.49 0.82 ±0.46 .000 PLCR1,PLCR3 PLCR2, PLCR3
.000
.000
*PLCR -  Placental ratio classes: birthweight/placental weight NS -  Not significant
Cholesterol: Reference range, 2.8 -  4.8 mmol/L.
Triacylglycerol (TAG): Reference range, 0.30 -  1.38 g/L.
HDL-C: Reference range, 1 .1 -2 .1 5  mmol/L.
LDL-C: Reference range, 1.5 -  4.4 mmol/L.
Ref. (Nelson. Textbook of Paediatrics, Laboratory Medicine Testing, and Reference Values in Infants and Children); 
Fourteenth Edition. 1992.
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Table 5.20
Blood pressure, and Lipid metabolites according to Pondéral
Index classes
Pondéral index classes (weight/height^)
Variables <25“ 25“ -75“ >75“ F test at Between
n=362 n=740 n=381 (0.05) Classes* P-value
Mean ±SD Mean ±SD Mean ±SD P-value SchefTe’s test
Mean blood pressure 94.9 ±7.7 93.6 ±7.3 94.0 ±7.1 .01 PONDl,POND2 .01
Systolic blood pressure 113.6 ±12.4 110.9 ±11.0 111.8 ±11.1 .001 PONDl, POND2 .001
Diastolic blood 76.3 ±5.1 76.3 ±5.5 76.2 ±4.9 NS
LDL-cholesterol 2.8 ±1.0 3.1 ±0.96 2.9 ±0.96 .000 PONDl, POND2 POND2, POND3
.000
.05
Cholesterol 4.2 ±0.86 4.4 ±0.78 4.4 ±0.79 .002 PONDl, POND2 P0ND2, P0ND3
.003
.05
Triacylglycerol 1.1 ±0.55 1.09 ±0.59 1.1 ±0.59 NS
HDL-cholesterol 0.98 ±0.54 0.85 ±0.47 0.98 ±0.48 .000 PONDl, POND2 POND2, POND3
.000
.000
*POND -  Pondéral index classes (weight/height ) NS -  Not significant
Cholesterol: Reference range, 2.8 -  4.8 mmol/L.
Triacylglycerol (TAG): Reference range, 0.30 -  1.38 g/'L.
HDL-C: Reference range, 1. 1-2 .15  mmol/L.
LDL-C: Reference range, 1.5 -  4.4 mmol/L.
Ref. (Nelson, Textbook of Paediatrics, Laboratory Medicine Testing, and Reference Values in Infants and Children); 
Fourteenth Edition. 1992.
132
_____________________________________________________________________Chapter 5
Table 5.21 presents the Pearson’s correlation coefficients between the biochemical 
parameters, and the selected anthropometric, and blood pressure variables. The analysis 
showed significant differences at P<0.01 and P<0.05 levels among the parameters 
investigated. All biochemical concentration showed some associations with selected 
variables except triacylglycerol (TAG), and calcium. Glucose, sodium, HDL-C, albumin, 
and potassium were only significantly correlated with recumbent length while 
magnesium, and total protein were only significantly correlated to placental weight and 
diastolic blood pressure, respectively.
The glucose concentrations o f children by age groups are compared according to 
birthweight classes. The criteria for glucose (mmol/L), and the mean (±SD) values o f 
glucose under each category o f age group for the subjects, aged 3-5, 6-9, 10-12, and 13 
to -15 years, are presented in Table 5.22. The F-test was performed in order to point out 
the significant associations among the glucose investigated. There was a significant 
difference between the glucose concentrations, and the birthweight groups observed only 
for birthweight groups at >2500- to -3000 gms. No significant differences were observed 
with glucose for other birthweight groups by age groups. The lowest glucose level was 
obseiwed for age group 3-5 years (4.5 mmol/L). The glucose level for other age gi'oups is 
compaiable to other birthweight classes. The different values were noticed between the 
low birthweight (<2500gms), and the normal birthweight (-3000-to-4000 gms) groups as 
indicated in the Table.
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The haematological parameters for each age group of both genders, boys and girls, aie 
compared according to their birthweight groups in Table 5.23. Red blood cell (RBC), and 
Haemoglobin (Hb) concentration o f children by their age group and sex are presented in table 
5.23. ANOVA showed for (RBC, Hb) concentrations in regard to birthweight group <2500 gms 
no significant difference was observed between child age groups, except for girls. Significant 
differences between age groups are found only for RBC .For girls a significant difference was 
observed between age groups for RBC with the lowest mean values obtained for 6-9 years 
(4.58). No significant differences between age groups were reported for Hb. The lowest values 
aie reported for 3-5 years. For boys o f birthweight groups -3000 and -3500 gms, a significant 
differences between age groups were observed for both RBC and Hb concentration, while no 
significant difference existed between birthweight groups for RBC and Hb. For girls o f RBC no 
significant difference between birthweight for all age groups except at birthweight, >2500, -3000 
gms, where the highest mean values was reported for age 13-15 years (4.98). For girls Hb 
concentration a significant differences was observed between age groups for all birthweight 
except at birthweight >2500 gms, and >4000 gms. The highest mean values were reported for 
age 13-15 years.
Table 5.24. Presents anthiopometric variables o f the children aged 3-15 years, 
according to birthweight and anaemia. Subjects are considered to be normal if they are within the 
range o f (Hb = Haemoglobin) 11.5-15.5 g/dL. Subjects are classified to be anaemic if the Hb 
content is lower than (Hb <11.5 g/dL). Using ANOVA, for child weight, a significant difference 
between anaemic, and normal (non anaemic), there were strong associations between the lower 
birthweight, and the Hb content for all birthweight except biithweight >3500-to 4000 gms. For 
child height, a significant difference was observed only for birthweight 2500- to 3000 gms, and 
>3000- to 3500 gms. For head circumference, no significant differences are found for anaemic, 
for all birthweight groups. Similarly, mid arm circumferences also showed significant 
associations only with birthweight at 2500- to 3000 gms, >3000- to 3500 gms, and the Hb 
content. For body mass index a significant difference between anaemic children was observed 
only for birthweight <2500 gms, with anaemic having the highest body mass index. It’s worth 
mentioning that for birthweight groups >3500- to 4000 gms, anaemic showed highest scores for 
all variables as compared to normal.
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5.2. Discussions 
Retrospective Study
(Children from 3 to 15 years of age)
Demographic and anthropometric variables o f the experimental subjects, utilised 
in retrospective study, both maternal, and children, aged 3-to-15 years old, present a great 
deal of heterogeneity, as expected. Table 5.1. Over 96% of the mothers were between the 
ages o f 20 to 40 years, and almost 89% o f them were between the height ranges of 
145-160 cm. A negligible amount, 6.8%, o f mothers appeared to be anaemic. Again, the 
majority of the newborn (n=1505), over 89%, were between the normal bir thweight range 
o f 3 to 4 Kg. Out o f 1505 retrospectives neonates, only 126 babies, representing 8.4%, 
were within the LEW (<2500 gms) group, whereas the corresponding figures in 
prospective study were 1026 neonates, only 13 (1.3%) respectively. The 1.3% as 
compared to 8.4% LEW among the retrospective neonates is the reflection o f prenatal 
care, mothers' education, and the socio-economic status o f the households in mid­
eighties, and the nineties. Out o f 1041 males subjects, age 3-to-15, only 56 (5.4%) were 
within the LEW range, and the corresponding figures for the female subjects were only 
70 LEW babies, 15.1%, out o f 464 total female neonates. Such differences between male 
and female neonates, 5.4% and 15.1% respectively, might suggest, in part, a favouritism 
shown to male neonates in regard to infant care, hygiene, and nutrition, in the societies of 
Gulf countries.
The anthropometric values observed, Table 5.2, were predictable for all age 
groups, and genders, because o f normal growth and development. The mean values were 
within the normal range, as reported by others [183,187,190,192,193]. Systolic and 
diastolic blood pressures were also within the normal range, and the observed increments 
were expected. No significant, or severe hypertension was recorded as compared to the 
classified standard values [209]. Significant differences for the systolic blood pressure, 
glucose, and haemoglobin for the adolescent group, 13-15 years, could be attributed to 
plasma volume expansion, due to rapid gi'owth, and development [184, 185]. As one
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could see, Table 5.3, almost 90% of the subjects, age 3-to-15, were within the normal 
birthweight range (3-4 kg). Pondéral and Body Mass Indices, however, indicate, over 
68.3% thinness which could be due to growth spurt, and undernourishment. AH the 
anthropometric values were found to be significant for the age group o f 6-to-9 years, with 
the exception o f head circumference. Table 5.4, as compaied to other age groups. 
Rehabilitative effects o f nutritional care, up to 9 years o f age, and sudden spurt o f growth 
after the age of 10 might explain, in part, these differences between the age groups 
[42,43,46], and other confounding socio-economic variables, which co-exist during the 
retrospective years in question.
The anthropometric variables o f the newborn are also influenced by their 
birthweights, as well as their mothers' height and weight. Hackman and his co-workers 
ascertained that maternal birthweight, pregnancy weight gain, baby's biithweight, 
gestational age, relative intrauterine growth, the baby's need for neonatal intensive care, 
in one way or another, do influence the anthropometry of the neonates [35]. They stated 
that mothers who weighed 2 kg or less at birth were at elevated risk for poor pregnancy 
outcome. This suggests that factors interfering with intrauterine growth (lUG) have an 
impact on the next generation o f babies. In short, the factors relating to the mothers' 
childhood -  her period o f growth and development -  may influence later reproductive 
performance [35]. The associations presented in Table 5.5, whether significant or 
insignificant, appear to support these viewpoints. Similarly, mother's age group, and 
health status were also associated with the anthropometric variables o f the neonates at 
different birthweight groups. Table 5.6. Table does mdicate significant differences 
between the anthiopometric variables at different birthweight groups as related to 
mothers' age, and health status (anaemia). Although the present study did not show any 
significant differences between the anthropometric variables and mothers' age groups, 
>30-40 years, and >40 years. Table 5.7 and 5.8, respectively, it should be stressed that 
birthweight is undoubtedly the result o f interaction between genetic and environmental 
factors which are not well understood. It is suggested that no matter how effective the 
pre-natal, perinatal and neonatal care become, such care alone may not prevent some of 
the problems o f pregnancy outcome, and the authors underline the urgency for increased 
concern for the improvement and implementation o f maternal and childcare services [35].
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The reseai’ch o f Klebanoff et al, also ascertained the relationship between maternal 
birthweight and infant birthweight. They found that mothers who were small at their own 
birth were at increased risk o f poor pregnancy outcome [36]. They concluded that infants 
experiencing complications are likely to be low birthweight (LBW) as the results o f 
maternal insult. Thus, the low birthweight (LBW) has been recognized as the most 
important newborn characteristics predicting infants' mortality [36], and disability if they 
are survived [96].
The anthropometric parameters o f the neonates, total o f 1505 newborn, 
representing both male, and female, 1041 and 464, respectively. Table 5.9, appear to be 
within the normal range in regard to their mean and percentile values, as reported by 
others for the region [183,184,186-193]. There were no differences between the mean 
values for the genders. The percentile distributions o f the variables, however, were 
somewhat higher for the male neonates. Table 5.9. The birthweight, which is a strong 
indicator o f  intrauterine environment, is positively associated with other anthropometric 
parameters, and the derived variables, such as Pondéral and Body Mass Indices. Sorensen 
and his co-investigators suggest that genetic and or environmental factors operating both 
during the pre- and post-natal period may be responsible for the association between 
birthweight, recumbent length, growth and development in adolescent years [142]. 
Studying the influence o f socio-economic conditions on growth in infancy, others stated 
that growth in the 1®^ year o f life is Hkely to reflect a number o f environmental influences, 
and some o f which may continue to have effects throughout early life and beyond [143].
The distribution o f placental weight groups showed significant differences, as 
expected, for aU birthweight groups except at high birthweight, as presented in Table 
5.10. Placental weight per se does not limit fetal growth, but rather a combination o f 
maternal, fetal, and placental factors all interact to regulate fetal growth [53,75,141].
The biithweights as related to blood pressure. Table 5.11, did show significant 
differences between systolic and diastolic BP for both normal and low birthweight 
groups. The value o f 122.4 is described as significant hypertension for 6-to-9 years old 
children [209]. Low biithweight is the outcome o f poor intrauterine environment and 
neonatal nutrition, and could influence the consequences o f long-term health, growth and 
development in later life [34,37,42-46,50-55]. These investigators concluded that
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essential hypertension is initiated in fetal life. A raised blood pressnie, thereafter, is 
amplified from infancy to old age, perhaps by a positive feedback mechanism [63]. Thus, 
the highest systolic pressures are found in people who had low birthweights [54,70,71]. 
Accordingly, Table 5.12 substantiates these findings, and illustrates the fact that low 
birthweight children, both genders, at the age groups described, do show significant, and 
severe hypertension (mmHg) for both systolic and diastolic blood pressures [209].
The ANOVA showed significant differences between the systolic blood pressures 
and the birthweight groups, as presented in Table 5.13. As expected, the systolic blood 
pressures were significant as described for the children. These significant difterences 
were also apparent for both genders for all birthweights, especially those who are low 
birthweight children as presented in Table 5.14 [209]. These findings, and data are in 
agreement, and do concur the results o f other investigators [51-55, 63,67,76,80,99,100- 
115]. More recently, comparing the blood pressure o f low birthweight infants with those 
o f normal birthweight, Pharoah and his co-workers concluded that their study supports 
the hypothesis that in adolescents variations in systolic blood pressure have their origins 
in fetal development. It is also plausible that adverse social, and economic influences 
initiate their cardiovascular effects during fetal development, and are compounded during 
childhood, adolescence, and in adulthood [128]. Oiu’ data are in agreement with these 
findings, and other recent studies [129, 130].
Mean values for plasma lipid metabolites for both genders, at different 
birthweight groups showed some variations as presented in Table 5.15. A higher content 
o f cholesterol was detected for both genders at higher birthweight groups, while the 
lowest cholesterol contents were observed for both genders at lower birthweight groups 
(3.89 mmol/L). There were some significant associations between the variables in regard 
to birthweight groups. The observed pattern in regard to lipid metabolites is most likely 
due to the exclusive breast feeding practices, and the impact o f Saudi diet and 
consumption pattern which are rich in cholesterol, and saturated fat. It has been pointed 
out by other investigators that high cholesterol content and saturated fat content o f human 
milk may program the lipid metabolism throughout life, and thereby influence the risk o f
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cardiovascular diseases in later life [48,59,60]. Recently, Fall and his co-workers have 
added more evidence that coronary heart disease is "programmed" during early growth, 
and they concluded that men and women who had low birthweight are at increased risk of 
coronary heart diseases [70,71]. With the exception o f triacylglycerol (TAG), all other 
lipid metabolic variables did show significant differences for age categories. Table 5.16, 
as evaluated by ANOVA, These differences could be due to dietary intake, physical 
activity, and individual metabolism at these age groups. These differences were quite 
striking for age group o f 6 to 12 at P <0.01 level. It is premature to speculate these 
significant differences within the surrounding variables, such as, individual metabolism, 
socio-economic conditions, and consumption patterns. Although high cholesterol and 
saturated fat content o f human milk may play a role in the programming o f lipid 
metabolism [48,59,60] during fetal development, and infancy; a word o f caution, 
however, should be introduced in their interpretations during the childhood, and 
adolescent years when other external factors may co-exist, and might interact.
With the exception o f diastolic pressure, and triacylglycerol (TAG), ANOVA 
detected significant differences between the recumbent length classes, and the variables 
investigated. Table 5.17. Studies showed that fetal adaptations to poor maternal nutrition 
lead to elevated blood pressure in childhood and adolescent years; and some o f the 
variations could be attributed to socio-economic differences [128, 129]. Others, however, 
stated that there were no clear associations, and recumbent length at birth was not related 
to blood pressure [130]. Law and his co-workers demonstrated that at all ages beyond 
infancy people who had lower birthweights had higher systolic pressures throughout their 
life in later years [63]. A significant conelation between juvenile and adult blood 
pressure was also reported by Klumbiene and his associates [166]. Our data do confirm, 
and support the findings o f other investigators [63,65-67].
Again, there were some significant associations between the head circumference 
classes, and the variables studied, Table 5.18. No associations were observed in relation 
to diastolic blood pressure and triacylglycerol (TAG). Eailier studies did suggest that 
clinical hypertension in children should be based on a set of basal blood pressure values 
as related to body weight and body dimensions rather than to age, [210, 211]. Therefore,
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body dimensions, including head circumference, and body mass appear to be strongly 
related to basal blood pressure in children [210], and could indicate that primary 
hypertension begins in early life [211]. Poor body dimensions, and anthropometric 
values, which are the known consequences o f poor maternal nutrition, and intrauterine 
environment, lead to higher blood pressures in offsprings in later life. Our data, as well 
as experimental evidences o f animal studies [66] do support the hypothesis that poor 
maternal nutrition paves the road to all other metabolic anomalies in later life 
[57,67,76,82]. Barker and his co-workers did illustrate the associations between the major 
anthropometries and the risk o f blood pressures in later life; and showed that weight, 
recumbent length, head circumference, and placental weight, and low pondéral index are 
the inevitable consequences o f poor intrauterine growth environment, and maternal 
nutrition [57]. Whincup and his associates also concluded that influences, such as; 
birthweight, infent feeding, maternal age, biilh rank, parental history o f blood pressure, 
are all related to blood pressure in children aged 5-to-7 years [52]. Epidemiological 
studies have also documented (Bogalusa Heart Study), and do suggest that blood pressure 
increases thioughout childhood; and tracking o f hypertension in children into adulthood 
could provide information on the risk o f adult hypertension in later life [210, 211].
Similarly, Table 5.19 also illustrates significant associations between the placental 
ratio classes (PLRC) and systolic pressure, as well as the major metabolites o f lipid 
metabolism. Recent studies have shown that the elevation of systolic blood pressure 
during childhood, and adolescent years only occurs when there was intrauterine growth 
retardation [155]. Studies by Barker and his co-investigators also support the view that 
low birthweight and intrauterine growth retardation may be risk factors for raised blood 
pressure throughout adolescent years, and adulthood thereafter [51,53,57]. Pharoah and 
his co-workers also support the findings o f Barker that variation in systolic blood 
pressure in adolescent years has its origins in intrauterine environment, and fetal 
development. Some variations, however, could be attributed to socio-economic 
differences [128]. Clark and his associates demonstrated that in women, who were 
poorly nourished in early pregnancy, reduced pregnancy weight gain was associated with 
elevated blood pressure m the 11-year-old offspring. This suggests that fetal adaptations
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to poor maternal nutrition lead to elevated blood pressure in childhood [129]. The 
present study also supports the findings o f above investigators, and suggest that 
envkonmental factors, such as poor maternal nutrition, unfavourable intrauterine 
environment, play important role in the elevation o f systolic blood pressure in childhood, 
adolescent years, and adulthood in later years. Campbell and his co-workers 
demonstrated that mothers’ intake o f animal protein and carbohydrates in late pregnancy 
may influence their offsprings' adult blood pressure; and this may be mediated thiough 
the placental growth which indicates that mother's diets in pregnancy are linked to blood 
pressure o f their offsprings in later-life [76, 99].
There has been considerable speculation that the high cholesterol content and 
saturated fat content o f human milk may program lipid metabolism thioughout life, and 
thereby influence the risk o f cardiovascular diseases in later life. Animal studies have 
also shown that interference with cholesterol metabolism duiing development, and breast­
feeding could permanently change lipid metabolism. Evidences available indicate that 
similar phenomena occur in human. In infant, serum cholesterol concentration is related 
to day-to-day intake o f cholesterol and saturated fat [48, 66]. Our data do indicate, and 
reflect the Saudi consumption pattern, dietary intake, and exclusive breast-feeding 
practices in the country. The pondéral index classes have also shown a similar pattern as 
those o f placental ratio classes when compared to blood pressure and lipid metabolites, as 
presented in Table 5.20. These derived variables are more sensitive indicators, and are 
related to the consequences o f intrauterine growth environment, and maternal dietary 
intakes. Prolonged breast-feeding practices, sometimes up to two years, are common in 
certain parts o f Saudi Arabia. Phillips and his co-workers reported that prolonged breast­
feeding in humans is associated with increased low-density lipoprotein cholesterol (LDL- 
cholesterol), and higher death rates from ischaemic heart diseases in later life [62]. It is 
possible that thyroid hormones present in breast milk, and absorbed by the suckling 
infants could, by the process o f hormonal imprinting, permanently down-regulate the set 
point o f thyroid homeostasis. Thyroid hormones influence cholesterol metabolism, and 
could explain the link between infant feeding, and the regulation o f cholesterol levels in 
the adulthood in later life. These findings suggest that the set point of thyroid fi.inction in
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the adulthood is determined by fetal growth and infant feeding practices [62]. Our data, 
and findings do support the conclusion made by these investigators; and confirm the 
importance o f dietary intake and, prenatal nutrition.
Pearson’s correlation coefficient, as expected, did reveal significant differences 
between the anthropometric and blood pressure variables as compared to biochemical 
composition o f the subjects' plasma, as presented in Table 5.21. These biochemical 
compositions o f the neonates at birth are comparable to those neonates o f the prospective 
studies. Table 4.10, and could serve as an invaluable baseline data for foUow-up studies. 
These values, by and large, do reflect the intrauterine environment, and underlines the 
importance of prenatal nutrition, and in turn the maternal dietary intake. A lower value 
for iron (mmol/L) reflects the plasma volume expansion, and a high value o f Ca++ 
indicates placental transfer o f this mineral, and enlargement o f fetus [57]. It is interesting 
to note that magnesium and total protein are significantly correlated to placental weight 
and blood pressure, respectively. Magnesium (M g^) catalyses and or activates more 
than 300 enzymes in our body, and is pivotal in the transfer, storage, and utilization of 
energy in all-metabolic reactions; and MgS04 has been associated with improved 
neonatal survival in extremely low birthweight in&nts [212]. Thus it is logical to 
speculate the role o f Mg^^ in the metabolism of growing fetus. It has already been 
reported that fetal adaptation to poor maternal nutrition could also lead to elevated blood 
pressures m neonates, and thereafter throughout childhood [128, 129].
The glucose values (mmol/1) for the birthweight groups for the selected 
anthropometric variables at age 3 to 15 showed no significant differences with the 
exception o f low birthweight (< 2500 gms) and normal birthweight groups (3000-4000 
gms). Table 5.22. It would be interesting to observe the possibility that in low 
birthweight infants, and malnutrition in eai'ly infancy and childhood could result m partial 
failure o f the (3-cell function, and clinical onset o f adult diabetes (NIDDM-Type II), in 
later life certainly merits careful prospective follow-up studies. It has been reported with 
the animal studies that poor nutrition, specifically protein-energy malnutrition in early 
life persistently impairs the insulin secretion. The persistently lowered protein/DNA 
ratios in many tissues may be related to this lowered capacity for insulin secretion. Thus,
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it is possible that early malnutrition may predispose to type II (NIDDM) diabetes in later 
life [213]. Others also stated that low birthweight, and short stature are related to the 
development o f diabetic nephropathy in human in later life, and speculate that chronic 
malnutrition in early life plays an important role [214]. Confirming data were also 
reported by Carneiro and his co-workers that insulin secretion in response to glucose is 
reduced in malnourished rats, and they speculate that this may be due to altered C a^  
handling by the low-protein diet islets, and point out the complications related to glucose 
transport, metabolism, and potassium permeability [215]. A foUow-up study with our 
low birthweight subject wiU certainly shed more Ught to these explanations. Hales, 
Barker and their associates also stated that intrauterine growth, low biithweight, and 
reduced growth in early fife are strongly linked to impaiied glucose tolerance and 
eventuaUy to NIDDM in later life [54]. The same investigators also underlined that 
reduced early growth is also related to a raised plasma concentration of 32-33-split 
proinsuUn, which is explained as a sign o f p-ceU dysfunction [54].
Intrauterine growth retardation (lUGR) is linked with high blood pressure, which 
may explain the association between hypertension and impaired glucose tolerance. They 
also documented that plasma glucose concentration is strongly related to blood pressure 
levels; and Type II (NIDDM) diabetes is one o f the consequences o f poor nutrition during 
critical periods o f fetal life, and infancy with impaired development o f p-ceU functions 
[54]. LitheU and his workers, in order to iUustrate whether the relation between low 
birthweight and thinness at birth and NIDDM is mediated through impaired p-ceU 
fimctions, or insuUn resistance, confirmed that reduced fetal growth is associated with 
increased risk of diabetes, and suggest a specific association with thinness (lUGR) at 
bhth [77]. Forrester and his co-investigators also concluded that intrauterine growth 
retardation may be associated with the programming o f glucose and Hpid metabolism 
[78]. Based on the data o f present study, it is premature to associate or confirm these 
findings at this eaiiy stage. A periodic follow-up study with our subjects might shed more 
fights on these associations reported by these earlier studies [54,77,78,100-115,132- 
134,151-153].
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The regional studies concerning the haematological norms o f Saudi neonates have 
aheady been carried out [205-208]. These values aie an invaluable source o f baseline 
data for fiiture follow-up studies.
The haematological profiles showed a great deal o f variability for both genders, 
boys (n=1041) and girls (n=464). Table 5.23 and Table 5.24 respectively. These 
variabilities are, as expected, due to heterogeneity o f the samples, genetic make-up, and 
socio-economic status, including the consumption pattern, and dietaiy intake o f the 
children aged 3-to-15 years. No special pattern, or specific associations were observed 
among the haematological variables investigated. Variations in haemoglobin 
concentration (Hb) and red blood cell (RBC) values are expected between the age groups, 
for both genders, due to rapid growth, development, and plasma volume expansion. It 
would be premature to speculate, and relate these values to any metabolic abnormalities, 
anomalies, and chronic killer diseases in later life, at this early stage. These 
haematological values, however, could form a solid baseline data for periodic prospective 
follow-up studies.
A significant association was observed between the haemoglobin content for all 
the birthweight categories, except those above 3500 to 4000 gms, and anaemia showed 
highest scores for all variables at birthweight <2500gms, and -4000gms, in question. 
Table 5.24. A striking association between birthweight, and haemoglobin concentration 
was also reported by others. Low haemoglobin concentration (Hb) seems to indicate 
good expansion o f plasma volume, and Hb concentration, birthweight, and length are 
genetically programmed, and are therefore physiological [74],
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5.3. Prospective Vs Retrospective Studies
In spite of the fact that these studies, both prospective and retrospective, appear 
to be complementary to each other, there are certain fundamental differences which 
should be taken into consideration before a major conclusion could be drawn. Thus, a 
word of caution be introduced, and some degree of reservation be exercised in their 
interpretation with the following factors in mind.
Heterogeneity was the common nature of both studies in relation to experimental 
subjects. A large variety of dissimilarities could be found among the subjects 
investigated.
Demographic Profiles: Prospective study covered the subjects from 0-to-l yem- 
old, whereas the retrospective study included subjects from 3-to-15 years of age with a 
great deal of demographic diversity.
Sample size: Sample size, representing both genders, was different for both 
studies; n=1026, n=1505, for prospective, and retrospective, respectively.
Socio-economic diversity was another common nature of both studies, which 
brought in many variables to consider.
Subjects involved in prospective study, for both genders, were more educated, 
ready, cooperative, and willing as compared to those of retrospective study.
Knowledge of nutritional awareness: Maternal awareness concerning the 
importance of nutrition in regard to growth and development was a major advantage for 
the prospective subjects.
Health auxiliaries, who administered the questionnaires, and collected the data, 
were trained and standardised in their duties in both of the studies. However, it was 
beyond our control as far as the medical records of the newborn subjects in retrospective 
studies.
Medical records were bettered scrutinised, and more reliable for the prospective 
subjects as compared to those of 15 years ago.
Analytical methods, procedures, calibration of instruments, and standardisation 
brought in a great deal of reliability for the prospective studies, as compared to those of 
the retrospective one.
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The characteristics of the variables used in the studies
Variables Prospective Study Retrospective Study
Sample size 1026 (infants) 1505 (children)
Boys 462 1041
Girls 564 464
Infant's low birthweight 13 (1.3%) 126 (8.4%)
Age distribution of children Newborn, Six weeks, one year (3-5), (6-9), (10-12), (13-15) years
Mean ±SD Mean ±SD
Maternal age (year) 27.6 5.9 31.9 4.4
Maternal height (cm) 154.6 5.6 155.2 5.0
Sample birthweight (kg) 3.2 0.4 3.0 0.5
Recumbent length (cm) 50.2 2.0 49.1 2.4
Head circumference (cm) 34.5 1.7 34.0 1.3
Placental weight (gms) 610.0 113.0 601.5 126.0
Fonderai index (kg/m^) 25.5 3.7 25.6 6.9
Blood pressure vs birthweight
In prospective study, the Table 4.11 show that the percent increments for both 
systolic and diastolic pressures were higher for birthweight less than 2500 gms, and then 
it decreased for other birthweight categories.
In retrospective study, it is observed that the mean blood pressure values for 
low birthweight (LBW) less than 2500 gms, and normal birthweight (NBW) greater 
than 2500 gms showed a significant difference between systolic and diastolic blood 
pressures for both birthweight groups. Systolic and diastolic blood pressures were 
higher for low birthweight, as shown in Table 5.11.
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Blood pressure vs sex and birthweight
In Table 4.5, the prospective study, one could observe that systolic pressure 
shows no significant differences for birthweights between sexes except for high 
birthweights, but significant differences are observed for diastolic blood pressures 
between boys and girls for all birthweight groups except for low birthweight and high 
birthweight groups. For boys significant differences are observed between birthweight 
groups for diastolic blood pressure.
In retrospective study, the highest blood pressures for both systolic and 
diastolic were observed for birthweight less than 2500 gms. Among girls, significant 
differences between birthweight and systolic blood pressure are observed, but the 
diastolic blood pressures were independent of birthweight among girls as presented in 
Table 5.13.
Blood pressure and Lipid metabolites vs Placental ratio
In prospective study, table 4.15 show the relationships between the observed 
values of lipid metabolites, and the placental ratio classes. For cholesterol a significant 
difference is observed at birth, and six weeks, but for triacylglycerol (TAG) the 
difference is observed only at six weeks. For high density lipoprotein cholesterol 
(HDL-C) and low density lipoprotein cholesterol (LDL-C) differences observed are 
only at birth. In the same study, it is observed that differences do exist in blood 
pressure types and between the three placental ratio classes at birth, at six weeks and at 
one year. However, the systolic blood pressures at birth were not significant.
In retrospective study, with the exception of triacylglycerol (TAG) and 
diastolic blood pressures, all other variables significantly associated with the placental 
ratio classes, table 5.19.
Data for the prospective study, presented in table 4.9, indicate that only the 
high density lipoprotein (HDL-C), and low density lipoprotein (LDL-C) showed 
significant differences between the birthweight groups at six-weeks and at one year. No 
significant differences for cholesterol and triacylglycerols (TAG) for different 
birthweight groups were observed. Whereas, in retrospective study, the table 5.16 
show that (LDL-C) and (HDL-C) are not significant for birthweights, for children age
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group (3.5) years, and triacylglycerol (TAG) had no relation for the birthweights for 
children aged (6-9) and (10-12) years.
Blood pressure vs Pondéral index
In prospective study, significant differences in blood pressure values for the 
three groups of pondéral index at birth, at six weeks and at one year of age are observed, 
except for the diastolic blood pressure at six weeks, Table 4.12. The same pattern was 
observed in retrospective study where diastolic blood pressures were not significant 
for the pondéral index groups.
Macrosomia vs Pondéral index
The values of macrosomia at one year of age, in the prospective study were not 
significant for pondéral index. But in retrospective study triacylglycerol (TAG) was 
not significant for the pondéral index as presented in Table 5.21.
Birthweight vs Placental weight
In prospective study, it was observed that low birthweight, and high 
birthweight had no relation to placental weight. But in retrospective study, only high 
birthweight had no relations with the placental weight classes as shown in Table 5.10.
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Chapter 6
A. The Overall Discussions
(Prospective and Retrospective Studies)
In general, our data, both prospective and retrospective, including the pilot 
studies carried out earlier [193] do suggest that the hypothesis of “programming” in 
fetus and infancy are not the only factors that need to be considered when examining the 
association between the health status in later life, and the early life experiences which 
are influenced by many confounding factors, such as; heredity, metabolic and socio­
economics. The heterogeneity of the experimental subjects participated in both studies 
brought in additional variables which co-exist, and need to be considered. Table 4.1 and 
5.1, and a word of caution be introduced in theii* interpretations. For instance over 96% 
of the mothers were between the ages of 20 to 40 years, and almost 89% of them were 
between the height ranges of 145-160 cm. A negligible amount, 6.8%, of mothers 
appeared to be anaemic. Again, the majority of the newborn (n = 1505), over 80%, 
were between the normal birthweight range of 3 to 4 kg. Out of 1505 retrospective 
neonates, only 126 babies, representing 8.4%, were within the low birthweight (<2500 
gms) groups, whereas the corresponding figures in prospective study were 1026 
neonates, only 13 low birthweight (1.3%) respectively.
The 1.3% as compared to 8.4% low birthweight among the retrospective 
neonates is clearly the reflection of prenatal care, mothers' education, and the socio­
economic status of the households in mid-eighties, and the nineties. Out of 1041 male 
subjects only 56 (5.4%) were within the low birthweight category; and the 
corresponding figures for the female subjects were only 70 low birthweight babies 
(15.1%) out of 464 total female neonates. Such differences between male and female 
neonates might suggest, in part, a favouritism shown to male neonates in regard to 
infant care, hygiene, and nutrition in the societies of Gulf countries.
In spite of the heterogeneity of subjects involved in both o f these studies, which 
are self-explanatory. Table 4.1 and 5.1, it appears that the environmental factors, and 
socio-economic variables, especially dietary habit, and consumption patterns; and 
mothers' lifestyle have been the dominant factors for the characteristics of subjects 
investigated, such as; age, height, prenatal care, parity, education, and financial security
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which are known to be closely related to one another. Thus, a positive correlation was 
established between the anthropometric parameters of neonates, and the socio-economic 
variables of households, mothers' lifestyle, and dietary practices of the subjects in the 
prospective studies.
The major anthropometric parameters of neonates for both genders, appear to be 
within the normal range. Table 4.3, 5.2, 5.3, and were predictable as reported by others 
for the Saudi population [183-193]. Rasheed and Rahman looked into the 
anthropometry of 1094 Saudi neonates in the Eastern province of the Kingdom [1*83]. 
The corresponding figures of the prospective study were within the normal range, and 
reflect the better environmental conditions of the Riyadh area, as well as the socio­
economic status of the subjects involved in the study. These figures are in agreement 
with those of the previous findings [183, 191-193]. Similarly, as one could see, Table
5.3, almost 90% of the retrospective subjects, age 3-15, were within the normal 
birthweight range, 3-4 kg. Pondéral and Body Mass Indices, however, indicate over 
68.3%, thinness which could be due to growth spurt, and undernourishment. With the 
exception of head circumferences, Table 5.4, all the anthropometric values for the 
retrospective subjects were found to be significant for the age group of 6-to-9 years, as 
compared to other age groups. Nutritional care, and spurt of growth after the age 10, 
might explain the reasons for these differences between the age groups [42,43,46], and 
of course, other confounding socio-economic variables which co-exist during the 
retrospective years in question. The anthropometric variables of the subjects, in both 
studies, were also influenced by their birthweights, as well as their mothers' height and 
weight. Studies ascertained that maternal birthweight, pregnancy weight gain, and 
baby’s need for neonatal intensive care do influence the anthropometiy of the neonates 
[35,53,69]. For instance, as in the case of prospective subjects, the anthropometric 
variables were consistently lower for the mothers who were less than 20 years of age, 
which could be due to eating disorders, consumption patterns, and dietary habits. Table
4.4. It is a well established fact that maternal nutrition does affect the development of 
fetus, and there is a relationship between fetal dimensions, and maternal nutrition [194]. 
Evidences have also clearly shown that higher potential risks do occur in low 
birthweight babies who are growth retarded due to environmental factors, including the 
dietary habits [195]. It is stated that mothers who were weighed 2 kg or less at birth
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were at elevated risks for poor pregnancy outcome. In short, the factors relating to the 
mothers' childhood may influence their reproductive performances in later life [35].
The association presented in Table 5.5, whether significant or insignificant, 
appear to support these viewpoints. Similar association were also observable between 
the mothers' age group, health status, and the anthropometric variables. Table 5.6. 
Although the retrospective studies did not show any significant differences between the 
anthropometric variables and mothers' age groups. Table 5.7 and 5.8, it should be 
stressed that birthweight is undoubtedly the result of interaction between genetic and 
environmental factors which are still not well understood. The authors underline the 
importance and urgency for increased concern for the improvement of maternal and 
childcare services [35]. Studies by Klebanoff and his associates also ascertained the 
relationship between maternal birthweight and infant birthweight [36]. They concluded 
that infants experiencing complications are likely to be low birthweight as a result of 
maternal insult. Thus, it is safe to conclude that the low birthweight (LEW) has been 
recognised as the most important newborn characteristics predicting infants' mortality 
[36], and disabilities of all kind in later life, if they are sui*vived [96]. In general, 
birthweight, which is a strong indicator of intrauterine environment, is positively 
associated with other anthropometric parameters, and the derived variables, such as 
Pondéral and Body Mass Indices. Sorensen and his co-workers suggest that genetic and 
environmental factors operating during pre and post-natal period may be responsible for 
the association between birthweight, recumbent length, growth and development in 
adolescent years [142]. Others also emphasised the importance of socio-economic and 
environmental factors on growth and development and their continued effects and 
influences throughout early life and beyond [143].
The distribution of placental weight groups, among the retrospective subjects. 
Table 5.10, showed significant differences for all birthweight groups, except at high 
birthweight. Placental weight per se does not limit the fetal growth, but rather a 
combination of maternal, fetal, and placental factors all interact to regulate the fetal 
growth [75,141]. The differences in placental weight between the genders may be due 
to the maternal factors which influence the placental development [69]. For instance, 
maternal anaemia, among others, is associated with an increase in placental weight at 
birth [53].
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Mean blood pressure values, for the subjects in prospective study, were within 
the normal range. The range for diastolic blood pressure, however, was higher for 
males, while the systolic blood pressure, remained the same. Table 4.5. Lever and 
Harrap, reviewed the evidences which support the hypothesis that essential hypertension 
is a growth related disorder with origin in utero, and manifestation in later life. Blood 
pressure rises with growth and development in children and adults. It is suggested that a 
process governing the growth and development rises the blood pressure by stimulating 
cardiovascular growth and maturation. Genetic and environment factors could also 
influence the process [196]. Such rise with age is also observed in our studies, both 
prospective, and retrospective. A rapid rise in blood pressure during the first month of 
life was also confirmed by de Swiet and his associates, and it is indicated that blood 
pressures were correlated with weight in all ages [197]. In regard to systolic blood 
pressure, our prospective subjects showed no significant differences between the 
birthweights and genders. However, there were significant differences between the 
weight and genders in diastolic pressures, Table 4.5. The birthweight as related to blood 
pressure, with the retrospective subjects. Table 5.11, did show significant differences 
between systolic and diastolic BP for both normal, and low birthweight groups. The 
value of 122.4 is described as significant hypertension for 6-to-9 years old children 
[209]. Other studies also confirmed that low birthweight is the outcome of poor 
intrauterine environment, and neonatal nutrition, could influence the consequences of 
long-term health, growth, and development in later life [34,37,42-46,50-55]. These 
investigators concluded that essential hypertension is initiated in fetal life; and is 
amplified, thereafter, from infancy to old age, perhaps by a positive feedback 
mechanism [63]. Miura and his co-workers in their studies concluded that lower 
birthweight, and slow growth during childhood are associated with increases in blood 
pressure, and serum cholesterol content in adult life [238]. Others linked the maternal 
diet during pregnancy to blood pressures of offsprings in later life. According to the 
studies, adult blood pressures seem to be affected by small variations in the balance of 
micronutrients in the maternal diet during gestation [243]. Therefore, it’s safe to 
conclude that the highest systolic pressures are found in people who had low 
birthweights [54,70,71]. Our reti'ospective data. Table 5.12, substantiate these findings,
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and illustrate the fact that low birthweight children, both genders, do show significant 
hypertension (mmHg) for both systolic and diastolic blood pressures [209].
The prospective data, even at early stage showed same association between 
systolic pressure and birth weight and pondéral index. Diastolic blood pressures, 
however, are associated with recumbent length, abdominal circumference, and placental 
ratio, as presented in Table 4.6. Studies of Barker, and his associates, relating 
birthweight to blood pressures in adult life suggest that adult hypertension originates in 
fetus [49-51]. The data of present study, even at this early stage, do suggest that 
essential hypertension is a growth-related disorder with origin in fetus, and clinical 
manifestations throughout in growth and development, and eventually in adult life; in 
short, blood pressures, and hypertensive states are associated with somatic growth [198- 
200]. Recent studies suggest that human fetuses have to adapt to a limited supply of 
nutrients, and in doing so they permanently change their physiology and metabolism. 
These "programmed" adaptations, and changes could very well be the origins of 
abnormalities, and diseases in later life [100-115]. As elaborated earlier, a considerable 
body of experimental data, dealing with both human and animal subjects, suggest that 
nutritional deprivation during pregnancy could result in irreversible cognitive, 
neurological, metabolic, endocrine and physical developments in later life [13-46].
As expected, the ANOVA showed significant differences between the systolic 
blood pressure and birthweight groups of retrospective subjects as presented in Table 
5.13. These significant differences were also observable for both genders for all 
birthweight groups, especially those who are low birthweight as shown in Table 5.14. 
These findings, do concur, and are in agreement with the conclusion o f other 
investigators to date [51-55,63,67,76,80,99,100-115,128-130].
As far as the prospective subjects are concerned, it is somewhat premature to 
speculate and link these associations to chronic anomalies in later life, this early 
stage. Barker and his associates stated that mothers’ diet rich in carbohydrates in early 
pregnancy suppresses the placental growth. They speculated that such diet could have 
long-term consequences in relation to cardiovascular diseases in later life [75]. A 
follow-up study with our prospective subjects will be necessary in order to confirm 
these findings and others. The present prospective data, at birth, could provide 
potentially invaluable baseline data for future investigations. It should be stressed that
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intrauterine growth, and birthweight is the result of interaction between genetic and 
environmental factors in which early nutrition plays an important role [35,36]. Studies 
have also shown that large placental weights, and a high placental ratio, which are 
known predictors of hypertension [53], are also related to low maternal haemoglobin, 
and a fall in mean red blood cell volume [56]. Placental weight per se, however, does 
not limit the fetal growth, but rather a combination of maternal, fetal, and placental 
factors all interact to regulated the fetal growth [138,141].
There has been a considerable speculation that the high cholesterol, and 
saturated fat content of human milk may program the lipid metabolism throughout life, 
and thereby influence the risk of cardiovascular diseases in later life [48,59,60,66]. 
Studies on laboratory animals have also indicated that dietary manipulation of 
cholesterol and fatty acid metabolism during suckling and weaning can have persistent, 
and permanent effects on metabolism [32, 33]. Available evidences do indicate that 
similar phenomena do occur in human. In infant, serum cholesterol concentration is 
related to day-to-day intake of cholesterol and saturated fat [66]. In the present work, 
prospective subjects did show significant differences for high-density lipoprotein 
cholesterol (HDL-Cl & HDL-C2). Under weight babies, <2500 gms at birth, however, 
had the highest HDL-cholesterol (mmol/L), while birth weight greater than 4 Kg had the 
lowest HDL-cholesterol. Our data, for the prospective subjects, clearly indicate that 
only HDL-cholesterol, and LDL-cholesterol showed significant differences between the 
birthweight groups at birth, at six weeks, and at one year. Accordingly, no significant 
differences were observed among the birthweight groups for cholesterol, and 
triacylglycerol (TAG) content.
In retrospective subjects, mean values for plasma lipid metabolites for both 
genders at different groups showed some variations as presented in Table 5.15. The 
observed pattern in regard to lipid metabolites is most likely due to the exclusive breast 
feeding practices, and the impact of Saudi diet and consumption pattern which are rich 
in cholesterol, and saturated fat. It has been pointed out by other investigators that high 
cholesterol and saturated fat content of human milk may program the lipid metabolism 
throughout life, and thereby influence the risk of cardiovascular diseases in later life 
[48, 59, 60].
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Fall and his co-workers [70,71], and others, more recently [225, 227, 
230,233,234,236,239,244] have added more evidences that coronary heart diseases are 
"programmed" during early growth, and they concluded that men and women who had 
low birthweight are at increased risk of developing coronary heart diseases. As it is 
clearly indicated in Table 5.16, with the exception of triacylglycerol (TAG), all other 
lipid metabolic variables did show significant differences for all age categories among 
the retrospective subjects, as evaluated by ANOVA. Although high cholesterol and 
saturated fat content of human milk may play a role in the programming of lipid 
metabolism [48,59,60] during fetal development, and infancy; a word of caution should 
be introduced in their interpretations during the childhood, and adolescent years when 
other external factors may co-exist, and might interact, such as; individual metabolism, 
consumption patterns, and socio-economic variables. Data of prospective subjects 
simply reflect the contribution of mother’s milk to the level of HDL-cholesterol, 
albumin, cholesterol, and triacylglycerol (TAG), which indicate the Saudi adult dietary 
practices. Saudi neonates are exclusively breast fed, and it has been suggested that the 
dietary composition of infants can play an important role in the development of plasma 
lipoprotein profile [201,225,233,244]. Significant differences were also found among 
the anthropometric and blood pressure variables of prospective subjects. Table 4.10. 
Correlations were also found between abdominal circumstances, and metabolites of 
lipid metabolism, as well as urea, creatinine, and sodium indicating growth, 
development, and the influence of diet on intrauterine growth and birthweight [37, 53]. 
Prospective data. Table 4.10, also indicate significant correlations between diastolic 
blood pressure, and total protein, serum albumin, and HDL-cholesterol which could 
suggest the initiation of hypertension in utero, and its amplification throughout the life 
[59,70,71,235,238,243]. Again, there were some significant associations between the 
head circumference classes, and the variables studied with the retrospective subjects, 
Table 5.18. No associations were observed in relation to diastolic blood pressure and 
triacylglycerol (TAG). Earlier studies, however, did suggest that clinical hypertension in 
children should be based on a set of basal blood pressure values as related to body 
weight and body dimensions rather than to age [210,211]. Therefore, body dimensions, 
including head circumference, and body mass appear to be strongly related to basal
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blood pressure in children [210], and could indicate that the primary hypertension 
begins in early life [211, 235, 238, 243].
Concern about the importance of maternal nutrition during pregnancy, and 
subsequent infant and child development have received a considerable amount of 
interest and attention [13-46]. As a whole, the earlier, and prolonged the period of 
deprivation, the more, and irreversible were the abnormalities in later life [31-34]. Poor 
body dimensions, and anthropometric values which are the well-known consequences of 
poor maternal nutrition, and intrauterine environment lead to higher blood pressure, and 
other anomalies in the offsprings in later life. Our data, both prospective. Table 4.11-15, 
and retrospective. Table 5.16-18, as well as experimental evidences o f animal studies 
[66] do support the hypothesis that poor maternal nutrition paves the road to all other 
metabolic disorders, in later life [57, 67,76, 82,225,226,228,230,232,234,235, 237, 
238, 240-244].
Although the anthropometric values of the neonates were within the range of 
those reported for the Gulf region [183-193], others investigated the relative influence 
of certain socio-demographic, biologic, genetic and medical correlates, and concluded 
that babies born to consanguineous parents were, on the average, 74 gms lighter than 
those of non-consanguineous parents, and higher maternal age appeared to be a 
significant advantage to birthweight [190]. The prospective data were in agreement 
with these findings, and such slightly lighter mean (±SD) birthweight values were 
expected in Saudi population where consanguineous marriages were rampant (55.1%), 
and our subjects also showed some variation in regard to anthropometric variables, 
however, were comparable to those of other findings [184] in the Kingdom, Asian 
countries [186], and industrialized western nations [185]. Several aspects of 
consanguineous marriages were also received some renewed interest recently [218-224].
Our findings with both prospective and retrospective subjects. Table 4.12, and 
Table 5.19, respectively, do suggest, and are in agreement with other studies [80, 99, 
155,156] that mothers’ diet in pregnancy are linked to blood pressure in later life. For 
instance, elevation of systolic blood pressure during childhood, and adolescent years 
only occurs when there was an intrauterine growth retardation [155]. The differences 
among the groups of Pondéral indices, which is a more sensitive criterion for the 
intrauterine environment, over Macrosomia (head circumference / abdominal
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circumference), were significant at birth which support the view that intrauterine 
environment, and maternal dietary practices (quality, frequency, and composition) do 
influence the blood pressure in later life [51,53,57,80,99,128,129]. Pharoah and his 
associates also support the findings of Barker that variation in systolic blood pressure in 
adolescent years has its origin in intrauterine environment, and fetal development [128]. 
Clark and his associates demonstrated that in women who were poorly nourished in 
early pregnancy, reduced pregnancy weight gain was associated with elevated blood 
pressure in 11 -year-old offsprings. This suggests that fetal adaptations to poor maternal 
nutrition is linked to elevated blood pressure in childhood [129]. Thus, based on our 
findings, both prospective, and retrospective, it is safe to conclude that intrauterine 
environment does have a dominant effect on blood pressure. The highest blood 
pressures occurred in adults who had been small babies with large placentas. Such 
relations, as described by Barker [53], between placental and birthweight may lead to 
circulatory adaptations in fetus, altered arterial structure in the growing child, and thus a 
hypertensive state in adult in later life. Our data, both prospective and retrospective, 
support this view [53]; and underlines the importance of prenatal health and nutrition of 
mothers as preventive public health measures. Maternal anaemia is one of the 
intrauterine environmental factors which is associated with an increase in placental size 
[53]; and based on these findings, it is logical and safe to conclude that maternal dietary 
intake, in relation to placental and fetal growth, could have long-term health 
consequences in later life [76].
Serum biochemical components of the neonates. Table 4.14, showed significant 
differences among the components investigated in regard to placental weight classes. In 
infant, serum cholesterol concentration is related to day-to-day intake of cholesterol and 
saturated fat [48,59,66]. Our data, both prospective and retrospective, do indicate, and 
reflect the Saudi consumption pattern, dietary intake, and prolonged exclusive breast­
feeding practices in the country. The derived variables, such as, pondéral index classes, 
placental ratio classes, have shown similar pattern when compared to blood pressure, 
and lipid metabolites [Table 5.20]. These derived variables, which are more sensitive 
indicators, are related to the consequences of intrauterine growth environment and 
maternal dietary intakes. Prolonged breast-feeding practices, up to two years, are 
common in certain parts of Saudi Arabia. Phillips and his co-workers also emphasised
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that prolonged breast-feeding in human is associated with increased LDL-cholesterol, 
and higher death rates from ischaemic heart diseases in later life [62]. It is possible that 
thyroid hormones present in breast milk, by process of hormonal imprinting, 
permanently down-regulate the set point of thyroid homeostasis. Thyroid hormones 
influence cholesterol metabolism, and could explain the link between infant feeding, 
and the regulation of cholesterol levels in adulthood in later life [62]. Studies have 
shown that infants with neonatal type II hyperlipoproteinemia fed on bovine milk 
formula for the first six months had higher serum cholesterol levels than infants fed on a 
commercial formula low in cholesterol, and high in polyunsaturated fatty acids [203]. 
Similar findings were also reported by others, as well [204].
Correlation studies did show significant differences between the anthropometric 
and blood pressure variables as compared to biochemical composition o f the subjects' 
plasma. Table 5.21. These biochemical values of the neonates at birth are comparable 
to those of the prospective neonates, Table 4.10, and could serve as an invaluable 
baseline data for follow-up studies. These values, in general, do reflect the intrauterine 
environment, and underline the importance of prenatal nutrition, and in turn, the 
maternal consumption pattern and dietary intake. A lower values for iron (mmol/L) 
reflects the plasma volume expansion, and a high values of Ca^  ^ indicate placental 
transfer of this mineral, and enlargement of fetus [57]. It is significant to note that Mg^ '*' 
and total protein are significantly correlated to placental weight and blood pressure 
respectively. Magnesium catalyses and or activates more than 300 enzymes in human 
body, and is pivotal in the transfer, storage, and utilisation of energy in all metabolic 
reactions; and MgS04 is associated with improved neonatal survival in extremely low 
birthweight infants [212]. Thus, it is logical to speculate the role of Mg'*"*" in the 
metabolism of growing fetus.
With the exception of low birth weight infants, the glucose values (mmol/L) for 
the birthweight groups showed no significant differences, Table 5.22. It is possible that 
in low birthweight infants, and malnutrition in early infancy and childhood could result 
in partial failure of the (B-cell fimction, and clinical onset of adult diabetes (NIDDM- 
Type II), in later life, certainly merits careful prospective follow-up studies [213]. 
Others also stated that low birthweight and short stature are related to the development 
of diabetic nephropathy in human in later life, and speculate that chronic malnutrition in
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early life plays an important role, and complications related to glucose transport, 
metabolism and potassium permeability [214,215]. A follow study with our low 
birthweight subjects will certainly shed more light to these explanations. Hales, Barker, 
and their co-workers also demonstrated that intrauterine growth, low birthweight, and 
reduced growth m early life are strongly linked to impaired glucose tolerance and 
eventually to NIDDM (Type II) in later life [54]. Other studies [77, 78] have added 
additional data which paved the road to further speculations and explanations as related 
to p-cell function, insulin resistance, and Type II diabetes in later life. Based on our 
data, both prospective, and retrospective, it is premature to associate or confirm these 
findings at this early stage. Periodic follow-up studies with our experimental subjects 
might shed more lights on these associations reported by earlier investigators [54, 57, 
58, 100-115, 132-134, 151-153].
The haematological norms for the Saudi neonates have already been established. 
Our data indicate that, with the exception of Mean Corpuscular Volume (MCV), and 
Mean Corpuscular IHemoglobin (MCH), there were some significant differences 
among the haematological parameters in question between the birthweights of neonates, 
and at one-year of age. Table 4.17. These differences are normal and expected due to 
plasma volume expansion [74]. Our prospective data also showed lower haemoglobin 
concentration (Hb) for all birthweight groups at one year of age. Low haemoglobin 
concentration (Hb) appears to indicate plasma volume expansion, and supports the view 
that haemoglobin concentration (Hb) and birthweight are genetically programmed and 
therefore physiological [74]. As it has been demonstrated earlier, lower haemoglobin 
(Hb) content is also associated with the systolic pressure in infancy, and lower weight 
gains, which suggest that poor maternal nutrition underlines the programming of 
hypertension during intrauterine development [67].
As expected a linear trend has been observed for all anthropometric variables at 
one year for all birthweight categories. All other observed differences appear to be the 
consequences of intrauterine environment during pregnancy which emphasises the 
importance of prenatal nutrition. Table 4.19.
Studies carried out by Barker and his co-workers are mostly retrospective [47- 
51, 53-57, 59-67, 70-73, 75, 76, 97, 100, 102-112, 116-118, 122, 133-135, 145-150, 
156, 160-163]. Prospective studies of this nature will be very difficult to follow for long
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term consequences due to experimental subjects, design, socio-economic variables, and 
related fluctuations, behavioural circumstances, and in short, quality and frequency of 
diet. The present prospective data provide us with potentially very useful baseline 
information for future follow-up studies. Data of Barker and his co-workers, as well as 
the data of present prospective study suggest that weight at birth, and at one year, which 
is a potential markers of intrauterine environment, and early nutrition, are related to 
chronic killer diseases in later life [34]. Thus, adverse intrauterine environment, 
including prenatal dietary intake, in the fetus and infancy could program the individual 
for increased risks of adult degenerative diseases in later life, and supports the Barker 
"fetus origin hypothesis", and concepts of programming [34].
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B. Conclusions
In conclusion, one could state that pregnancy involves a complex interaction o f 
maternal and fetal physiology, which is still not fully understood, and under investigation. 
Several factors may alter this interaction between mother, and feto-placental unit, such 
as: (1) Maternal lifestyle, (2) Maternal consumption pattern and dietary intake, (3) 
Maternal health and nutrient utilisation (absorption in the GI tract), (4) Transport to feto­
placental unit, (5) Placental transfer, and fetal uptake of nutrients and (6) Normal 
metabolic processes o f feto-matemal unit. All o f these factors, and others do possess 
complexities, complications, and variables, which require careful considerations and 
further studies. In general, balanced dietary intakes, and provision o f nutrients, 
nevertheless, do play an important role in the pregnancy outcome. The fetus responds to 
nutritional deprivation, as it has been extensively elaborated in detail, chapter 2, 4, 5, and 
6 with permanent changes in its physiology, metabolism that could lead to chronic 
degenerative anomalies in later Hfe. These responses include altered gene expressions, 
reduced cell numbers, imbalance between cell types, altered organ structures, pattern of 
hormonal releases, and a host o f other abnonnalities. All these changes, eventually, in 
one way or the other, do effect the health status and development o f fetus, and pave the 
road to chronic killer diseases in later life.
Based on the present findings, and the previous studies to date [45-85, 97-138], it 
is rather pre-mature and difficult, if not impossible, to state that whether we are the 
victims o f our lifestyle, and the environmental factors which affect us, or our destiny is 
being programmed "imprinted", in "a critical window in time" [34], during fetal 
development in pregnancy, and in infancy, thereafter [47-67]. The present study, and the 
data in hand, both prospective and retrospective, covering the subjects o f newborn up to 
fifteen years o f age, however, are inclined to support Barker's fetal origin hypothesis that 
human fetuses have to adapt to a limited supply o f nutrients, and in doing so they 
permanently change their physiology and metabolism. These “programmed” changes 
may trigger a number o f diseases in later life, including coronary heart diseases, and
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related disorders [145,148], diabetes [54,68,77], hypertension [51- 
55,63,76,78,99,119,129,130, 154 -157,165], and may permanently impaii* the
development o f immune system [140].
Osofsky in his classical review article in mid-seventies, dealing with both animal 
and human subjects, concluded that the earlier, the more prolonged, and the more severe 
the nutritional deprivation; the greater and more irreversible were the abnormalities in 
later life [31]. Hahn, reviewing the late effects o f early nutrition duiing prenatal, 
postnatal and weaning period, on both animal and human subjects, also stated that the 
composition o f the diet fed in early life is a kind o f first messenger, and the second 
messengers are hormones [32]. Reviewing the validity o f the scientific evidences 
available to date that early nutrition has a “programming” effect on long-term linear 
growth, Lucas supported the concept that nutritional programming during a sensitive 
period, "a critical window in time" in early life may influence long-term health, and 
development [34].
Barker's “fetal origin hypothesis” advocates that the diseases in later life originate 
tlirough adaptations that fetus makes when it is undernourished. These adaptations, 
whether caidiovascular, metabolic or endocrine, permanently change the structure and 
fimction o f the body, and pave the road to chronic killer diseases in later life. These 
“programmed” adaptations may be the origin o f diseases in later life, such as; coronary 
heait diseases, related disorders, stroke, diabetes, and hypertension [100-116].
The present study, both prospective and retrospective, covering the subjects fi-om 
0-to-l year, and 3 to 15 years, respectively, which is designed to test the Barker "fetal 
origin hypothesis" that "nutrition in early life does influence the disease pattern in later 
life", do support the Barker findings, and epidemiological evidences [47-67, 99-115] to 
date. Although, it is still too early, and premature to confirm these findings, due to the 
length o f period covered, firom 0-to-l5 years, aU evidences, and data presented, both 
prospective and retrospective, do point, and lead to the following major conclusions:
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1. Chronic diseases are being imprinted “programmed” in feto-placental unit during 
pregnancy, and infancy,
2. There is indeed a strong association between birthweight, especiahy low 
birthweight, and placental weight, blood pressure, lipid metabolism in early 
infancy, and in childhood thereafter,
3. Low birthweight, (<2500 gms), is strongly associated with elevated systolic blood 
pressure, and,
4. Low birthweight infants, if survived, are predisposed to inevitable disabilities of 
all kinds, [96], and chronic diseases in later life [66].
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C. Recommendations for Further work
A periodic follow-up study, preferably every ten (10) years, covering both 
prospective and retrospective subjects in hand, should be conducted in order to 
confirm the findings o f earlier investigators to date; and monitor the health status of 
the Saudi subjects involved in the study, as they grow older.
Establishment o f an appropriate “Medical Record System, with minimum Basic 
Standards” in each health care facility. It’s one o f the major responsibilities o f the 
Ministry o f Health.
168

Acknowledgement
I would like to thank my supervisors Prof, J.W.T. Dickerson, and Dr Roger 
Howland, for their invaluable assistance and guidance thioughout this project. Dr. B.J. 
Stordy was my chief supervisor initially. I acknowledge also his Excellency Dr. Yacoub 
Al-Mazrou, the Undersecretary for Preventative Medicine, Ministry o f Health for, wise 
counsel, which had helped to place the whole on a sound footing, words cannot 
adequately express my indebtedness for his gracious support and encouragement.
I am very much indebted to his Excellency Dr. Abdul Rahman Al-Suwilem President o f 
Red Crescent Association, also my thank to Dr. R.S. Jones, and Dr Mike Carter Director 
o f Postgiaduate Study at School o f Biomedical and life Sciences for their continuous 
encouragement. Thank to Dr. Ibrahim Bani, associated professor o f Community Health 
Sciences, at King Saud University for his valuable comments. Special thanks to Dr Nail 
H Ozerol education consultant for encouragement, support, and advice. Special 
appreciation to Dorothy Garner Head Nurse, and Senior Midwife Angelia Row, and 
nurses in Department o f Obstetrics, and Department o f Paediatrics at prince Salman 
hospital for their co-operation which enabled me to successfully cariy out the study. 
Special thanks to Dr. Ali Al-Sanosi chairman Department o f paediatrics, and Khalid 
Zeyadh Head o f Laboratory at prince Salman hospital for their continuous help and 
support. My appreciation to social workers Miss Khadijh Al-Gunfiithy, and Miss Amal 
Saad Al-Omian for assistance at patients’ appointment. I would also like to record my 
thanks to the director o f Deraya Primary Heath Care Centre for his distinguished 
contribution, others in this (DPHCC) for help with the fieldwork. My studies were 
possible because o f the vision o f doctors and nurses who compiled detailed records on 
mothers, and babies many years ago, and through the generosity o f the fathers, mothers, 
and children at age 3-15 years, who were accepted to recalled in my study, and many 
thanks to mothers who kept theii' appointment for follow up from birth, six weeks, & at 
one year old. Lastly I am very much indebted to Mushraf Hussain for his technical 
assistance in data processing, also I am grateful to Dr Ahmad Bekhteyar-Aldeen, and Dr 
Bader-Aldeen Abdorahman in the College o f Applied Medicine at King Saud University 
for their help. I very much appreciate and gratefully acknowledge the administrative 
support from the beginning by HRH Prince Saud Bin Fahad Bin AbduliAziz, President o f 
Intelligence Department and Dr Abdullah Al-Shathri. The successful implementation of
169

References Cited
References Cited
1. Health Over a Century -  Ministry o f Health, Kingdom of Saudi Arabia. Riyadh 
1999,2000.
la. Mortality report for Ministry o f Health, Hospitals. MOH, Statistics Department, 
KSA.Year o f 1995,1997&1998.
2. Al-Mazrou Y, Al-Shehri SN, El-Hassan O, Khalil M. Levels, trends, and differentials 
o f infant and child mortality in Saudi Arabia. Dec 1990; 38-75.
3. Al-Mazrou Y, and Samir F. Saudi Arabia Child Health Survey, KSA, Ministry o f 
Health, 1991; 259-270.
4. Tufenkeji H, and Kattan H. Childhood immunization in the Kingdom o f Saudi 
Arabia. Ann Saudi Med 1994; 14(2): 91-93.
5. Nour GAM, Al-Mazrou Y, Shehri SN, et al: Rapid decline in infant and child 
mortality. Ann Saudi Med 1992; 12(6): 565-570.
6. Al-Meshari A, Chattopadhyay SK, Youness B, and Anokute C. Epidemiology of 
maternal mortality in Saudi Arabia. Ann Saudi Med 1995; 15(4): 317-322.
7. Miladi SS, and Musaiger AO. Food Consumption patterns and nutrition situation in 
the Arab countries. Bahrain Med Bull 1998; 20(3): 83-86.
8. Musaiger AO. Change in Dietary Habits, Lifestyle and Trend in Diseases in the GCC 
Countires. Bahrain Med Bull 1998; 20(3): 87-90.
9. Musaiger AO, and Abdulkhalek N. Nutritional problems among pregnant women in 
the GCC countries. Bahrain Med Bull 1998; 20(3): 95-97.
10. Khashoggy RH. Nutritional problems o f infants and young children in the GCC 
countries. Bahrain Med Bull 1998; 20(3): 98-101.
11. Al-Nuaim A, Al-Mazrou Y, al-Attas O, et al. National Chronic Metabolic Diseases 
Survey. Part I, Ministry o f Health & King Saud University, Riyadh, 1995, pp. 61-71.
12. Al-Nuaim A, Al-Rubeaan K, Khoja T, et al. National Chronic Metabolic Diseases 
Survey. Part II, Ministry o f Health & King Saud University, Riyadh, 1997, pp. 161- 
167.
170
References Cited
13. Matsui R, Thurlbeck WM, Fujita Y, et al: Connective tissue, mechanical and 
morphometric changes in the lungs o f weanling rats fed a low protein diet. Pediatr 
Pulmonol 1989; 7:159-166.
14. Myers BA, Dubick MA, Gerreit J. et al: Protein deficiency: effects on lung mechanics 
and accumulation o f collagen and elastin in rat lung. JN utr 1983; 113:2308-2315.
15. Sahebjami H, MacGee J. Effects o f starvation on lung mechanics and biochemistry in 
young and old rats. J Appl Physiol 1985; 58:778-784.
16. Lechner AJ. Perinatal age determines the severity o f retarted lung development 
induced by starvation. Am Rev Resp Dis 1985; 131:638-643.
17. Gail DB, Massaro GD, Massaro D. Influence o f fasting on the lung. J Appl Physiol 
1977; 42: 88-92.
18. Harkema JR, Mauderly JL, Gregory RE, et al: A comparison of starvation and 
elastase models o f emphysema in the rat. Am Rev Respir Dis 1984; 129:584-591.
19. Thet LA, Alvarez H. Effect o f hyperventilation and starvation on rat lung mechanics 
and surfactant. Am Rev Respir Dis 1982; 126: 286-290.
20. Gaultier C. Malnutrition and Lung Growth, Pediatr Pulmonol 1991; 10:278-286.
21. Dubos R, Savage D, and Schaedler. Biological Freudianism - lasting effects o f early 
enviromental influences. Pediatrics 1966; 38(5): 789-800.
22. Chow BF, Blackwell Q, Blackwell BN, et al: Maternal nutrition and metabolism of 
the offspring: studies in rats and man. A JPH 1968; 58(4): 668-677.
23. Knittle JL, and Hirsch J. Effect o f early nutrition on the development o f rat 
epididymal fat pads: Cellularity and Metabolism. J Clin Invest 1968; 47:2091-2098.
24. Zeman FJ, Shrader RE, and Allen LH. Persistent effects o f maternal protein 
deficiency. Nutr Reports Inti 1973; 7(5): 421-435.
25. Davis RL, Hargen SM, Yeomans FM, and Chow BF. Long term effects o f alterations 
o f maternal diet in Mice. Nutr Reports IntT. 1973 7(5): 463-473.
26. Dickerson JWT, and Dobbing J. Prenatal and postnatal growth and development o f 
the central nervous system o f the pig. Proc Roy Soc Bol. 1967; 166:384-396.
27. Dickerson JWT, Dobbing J, and Me. Cance RA. The effect of undernutrition on the 
postnatal development o f the brain and cords in pigs. Proc Roy Soc Biol. 1967; 
166:396-407.
171
References Cited
28. Chandra RK. Antibody Formation in first and second-generation offspring of 
nutritionally deprived rats. Science 1975; 190:289-290.
29. Srivastava US, Thakur ML, Majumdar PK, and et al: Lymphoid organ inRNA 
translatability in rats: effects of protein energy imdernutrition in early life. J Nutr 
1987; 117: 242-246.
30. Pracyk JB, Seidler FJ, McCook EC, and Slotkin TA. Pituitary-thyroid axis reactivity 
to hyper and hypothyroidism in the perinatal period: ontogeny o f regulation and long­
term programming o f responses. J Dev Physiol 1992; 18:105-109.
31. Osofsky HJ. Relationship between nutrition during pregnancy and subsequent infent 
and child development. Obsterical and Gynecological Survey 1975; 30(4): 227-241.
32. Hahn P. Late Effects o f early nutrition. Atherosclerosis: a pediatric perspective, 1987, 
chapter, 11 pp, no: 155-164.
33. Little M-TE, Hahn P. Diet and metabolic development. FASEB J 1990; 4:2605-2611.
34. Lucas A. Influence o f neonatal nutrition on long-term outcome in nutrition o f the low 
birthweight infant, Ed. by BL Salle & PR Swyer, Nestle nutrition workshop series 
1993; 32:183-196.
35. Hackman E, Emanuel I, Van Belle G, and Daling J. Maternal birthweight and 
subsequent pregnancy outcome. JAMA 1983; 250(15): 2016-2019.
36. Klebanoff MA, Graubard BI, Kessel SS, and Berendes HW. Low birthweight across 
generations. JAMA 1984; 252(17): 2423-2427.
37. Susser M. Maternal Weight gain, infant birthweight, and diet: causal sequences. Am J 
Clin Nutr 1991; 53: 1384-1396.
38. Lawrence M, McKillop FM, and Dumin JVGA. Women who gain more fat during 
pregnancy may not have bigger babies: implications for recommended weight gain 
during pregnancy. B M J1991; 98:254-259.
39. Durnin JVGA. Nutrition and human pregnancy. In - widdowson EM and Mathers JC 
(ed): The Contribution o f Nutrition to Human and Animal Health. Cambridge 
University Press. London, UK, 1992, pp 254-265.
40. Cravioto J, DeLicardie ER, and Birch HG. Nutrition, growth and neuro-integrative 
development: an experimental and écologie study. Pediatrics 1966; 38:319-323.
41. Winick M, Fish I, and Rosso P. Cellular recovery in rat tissues alter a brief period of 
neonatal malnutrition. JN utr 1968; 95:623-626.
172
References Cited
42. Rivera JA, Martorell R, Ruel MT, and et al: Nutritional supplementation duiing the 
preschool years influences body size and composition o f Guatemalan adolescents. J 
Nutr 1995; 125:1068S-1077S.
43. Haas JD, Martinez EJ, Murdoch S, and et al: Nutritional supplementation during the 
preschool yeais and physical work capacity in adolescent and young adult 
Guatemalans. JN utr 1995; 125:1078S-1089S.
44. PoUitt E, Gorman KS, Engle PL, and et al: Nutrition in early life and the ftilfilment of 
intellectual potentials. J Nutr 1995; 125: 111 lS -1118S.
45. Allen LH. Malnutrition and human function: a comparison o f conclusions from the 
rNCAP and nutrition (SRSP) studies. JN utr 1995; 125:1119S - 1126S.
46. Martorel R. Results and implications o f the INCAP follow up study. J Nutr 1995; 
125: 1127S-1138S.
47. B arker DJP, Osmond C. Childhood respiratory infection and adult chronic bronchitis 
in England and Wales, BMJ 1986; 293:1271-1275.
48. B arker DJP, Osmond C. Infant Mortality, Childhood nutrition, and ischaemic heart 
disease in England and Wales. Lancet 1986; i: 1077-1081.
49. B arker DJP, Osmond C. Death rates from stroke in England and Wales predicted 
from past maternal mortality. BMJ 1987; 295:83-86.
50. B arker DJP, Winter P, Osmond C, and et al: Weight in infancy and death from 
ischaemic heart disease. Lancet 1989; ii: 577-582.
51. B arker DJP, Osmond C, Golding J, and et al: Growth m utero, blood pressure in 
childhood and adult life, and mortality from cardiovascular disease. BMJ 1989; 
298:564-567.
52. Whincup PH, Cook DG, and Shaper AG. Early influences on blood pressure: a study 
o f children aged 5-7 yeai s. BMJ 1989; 299:587-591.
53. B arker DJP, Bull AR, Osmond C, and Simmonds SJ. Fetal and placental size and 
risk o f hypertension in adult life. BMJ 1990; 301: 259-262.
54. Hales CN, Barker DJP, Clark PMS, and et al: Fetal and infant growth and impahed 
glucose tolerance at age 64. BMJ 1991; 303: 1019-1022,
55. Law CM, B arker DJP, Bull AR, and Osmond C. Maternal and fetal influences on 
blood pressure. Archives o f Diseases in Childhood 1991; 66:1291-1295.
173
References Cited
56. Godfrey KM, Redman CWG, B arker DJP, and et al: The effect o f maternal anaemia 
and iron deficiency on the ratio o f fetal weight to placental weight. Br J Obstet 
Gynaecol 1991; 98:886-891.
57. B arker DJP, Godfrey KM, Osmond C, and Bull A. The relation o f fetal length, 
pondéral index, and head cfrcumference to blood pressure and the risk o f 
hypertension in adult life. Pediat perinatal Epidemiol 1992; 6:35-44.
58. Robinson RJ. Is the child father o f the man? Controversy about the early origins of 
cardiovascular disease. BMJ 1992; 304: 789-790.
59. Fall CHD, B arker DJP, Osmond C, and et al: Relation o f infant feeding to adult 
serum cholesterol and death from ischaemic heart disease. BMJ 1992; 304:801-805.
60. B arker DJP, Meade TW, Fall CHD, and et al: Relation o f fetal and infant growth to 
plasma fibrinogen and factor VII concentration in adult life. BMJ 1992; 304: 148- 
152.
61. Law CM, B arker DJP, Osmond C, and et al: Early growth and abdominal fatness in 
adult life. J Epidemiol Community Health 1992; 46:184-186.
62. Phillips DIW, Barker DJP, and Osmond C. Infant feeding, fetal growth, and adult 
thyroid function. Acta Endocrinol 1993; 129: 134-138.
63. Law CM, de Swiet M. Osmond C, Payers PM, and Barker DJP, et al. Initiation o f 
hypertension in utero and its amplification throughout life. BMJ 1993; 306: 24-27.
64. Goldfiey KM, B arker DJP, Peace J, and et al: Relation o f fingerprints and shape o f 
the palm to fetal growth, and adult blood pressure. BMJ 1993; 307: 405-409.
65. Barker DJP, Gluckman PD, Godfrey KM, and et al: Fetal nutrition and 
caidiovascular diseases in adult life. Lancet 1993; 341: 938-941.
66. B arker DJP. Mothers, babies, and diseases in later life. London: BMJ publishing 
group, 1994.
67. Godfrey KM, Forrester T, B arker DJP, and et al: Maternal nutritional status in 
pregnancy and blood pressure in childhood. Br J Obstet Gynaecol 1994; 101: 398- 
403.
68. McCance DR, Pettitt DJ, Hanson RL, and et al: Birthweight and non-insulin 
dependent diabetes: thrifty genotype, thrifty phenotype, or surviving small baby 
genotype? BMJ 1994; 308:942-945.
69. Wheeler T, SoUero C, Alderman S, and et al: Relation between maternal haemoglobin 
and placental hormone concentrations in early pregnancy. Lancet 1994; 343: 511-513.
174
References Cited
70. Fall CHD, Vijayakumar M, and Barker DJP, and et al: Weight in infancy, and 
prevalence o f coronary heart disease in adult life. B M J1995; 310:17-19,
71. Fall CHD, Osmond C, Barker DJP, and et al: Fetal and infant growth and 
cardiovascular risk factor in women. BMJ 1995; 310: 428-432.
72. Barker DJP, Winter PD, Osmond C, and et al: Weight gain in infancy, and cancer o f 
the ovary. Lancet 1995; 345: 1087-1088.
73. Perry IJ, Beevers DG, Whincup PH, Bareford D. Predictors o f ratio o f placental 
weight to fetal weight in multi-ethnic community. BMJ 1995; 310:436-439.
74. Steer P, Alam MA, Wadsworth J, and Welch Anne. Relation between maternal 
haemoglobin concentration and birthweight in different ethnic groups. BMJ 1995; 
310:489-491.
75. Godffey K, Robinson S, Barker DJP and et al: Maternal nutrition in early and late 
pregnancy in relation to placental and fetal growth. BMJ 1996; 312: 410-414.
76. Campbell DM, Hall MH, Barker DJP, and et al: Diet in pregnancy and the 
offspring’s blood pressure 40 years later. Br J Obstet Gynaecol 1996; 103: 273-280.
77. Lithell HO, McKeigue PM, Berglund L, and et al: Relation o f size at birth to NIDDM 
and insulin concentrations in men aged 50-60 years. BMJ 1996; 312:
406-410.
78. Forrester TE, Wilks RJ, Bennett FI, and et al: Fetal growth and cardiovascular risk 
factors in Jamaican school children. BMJ 1996; 312:156-160.
79. Martyn CN, Gale CR, Sayer AA, and Fall C. Growth in-utero and cognitive fimction 
in adult life: follow up study o f people born between 1920 and 1943. BMJ 1996; 312: 
1393-1396.
80. Leon DA, Koupilova I, Lithell HO, and et al. Failure to realise growth potential in 
utero and adult obesity in relation to blood pressure in 50 years old Swedish men. 
BMJ 1996; 312: 401-405.
81. Ben-shlome Y, Davey SG. Deprivation in infancy or in adult life: which is more 
important for mortality risk? Lancet 1991; 337: 530-534.
82. Paneth N, and Susser M. Early origin o f coronary heart disease (the “Barker 
Hypothesis”). BMJ 1995; 310:411-412.
83. Benediktsson R, Lindsay RS, Noble J, Seckl JR, and Edwards CRW. Glucocorticoid 
exposure in utero: new model for adult hypertension. Lancet 1993; 341:339-341.
175
References Cited
84. Edwards CRW, Benediktsson R, Lindsay RS, and Seckl JR. Dysfimction o f placental 
Glucocorticoid baiTier: link between fetal environment and adult hypertension? 
Lancet 1993; 341:335-357.
85. The role o f nutrition in disease prevention, and health promotion and maintenance. 
Nutr News 1985; 48:13-16.
86. Heart Disease: Public health enemy no.l hearings before the subcommittee on 
nutrition o f the committee on agriculture, nutrition and forestry. United States Senate, 
69th Congress, 1st session. May, 1977.
87. McGinnis JM, Marion N. The surgeon general’s report on nutrition and health: policy 
implications and implementation strategies. Am J Clin Nutr 1989; 49:23-28.
88. Eckholm E, Record F. The affluent diet: a worldwide health hazaid. Futurist 1977; 
11: 19-25.
89. Beaton GH. Nutritional problems o f affluence. Nutrition in Preventive Medicine, 
Annex 2,1976, pp 482-499.
90. Clinical disorders arising from dietary affluences in countries o f the eastern 
Mediterranean region: situation analysis and guidelines for control. Tech Publ No. 14, 
WHO/EMRO, Alexandria, 1989.
91. Musaiger AO. The state o f food and nutrition in the A abian Gulf countries. In 
Bourne GH: Nutrition in the Gulf Countries. Malnutrition and minerals. World Rev 
Nutr Diet. Basel, Kai'ger 1987, Vol 54, pp. 105-173.
92. Al-Shoshan AA. The affluent diet, and its consequences: Saudi Arabia - a case in 
point. In Simopoulos AP(Ed): Nutrients in the control o f metabolic diseases. World 
Rev Nutr Diet, Basal, Karger, 1992, Vol 69, pp 113-165.
93. Al-Nuaim A, Al-Rubeaan K, Al-Mazrou Y, and et al: National metabolic diseases 
survey part I. Ministry o f Health, Riyadh, Saudi Arabia, 1995.
94. Osmond C, Barker DJP, Winter PD, et al. Early growth and death from 
cardiovascular disease in women. BMJ 1993; 307: 1519-1524.
95. Zakzouk SM, and El-Sayed Y. Hearing impairment in low birthweight Saudi 
children. Saudi Med J 1993; 14(1): 40-43.
96. Forfar JO, Hume R, Me Phail FM, et al. Low birthweight: A 10 year outcome study 
o f the continuum of reproductive casualty. Dev Med Child Neurol 1994; 36: 1037- 
1048.
176
References Cited
97. Martyn CN, Barker DPJ, and Osmand C. Mother’s pelvic size, fetal growth and 
death from stroke and coronary heart disease in men in the UK. Lancet 1996;
348 (9) : 1264-1268.
98. Stein CE, Fall CHD, Kumaran K, et al. Fetal growth and coronary heart disease in 
south India. Lancet 1996; 348 (9) : 1269-1273.
99. Campbell DM, HaU MH, B arker DJP, et al. Diet in pregnancy and the offspring’s 
blood pressure 40 years later. Br J Obstet Gynaeco 1996; 103 : 273-280.
100. B arker DJP. Maternal nutrition, fetal nutrition, and diseases in later life. 
Nutritionl997; 13(9): 807-813.
101. Forsen T, Eriksson JG, Tuomilehto J, Teramo K, Osmond C, and Barker DCP. 
Mother’s weight in pregnancy, and coronary heart disease in a cohort o f Finish 
men: follow-up study. BMJ 1997; 315: 837-840.
102. B arker DJP. The fetal origins o f coronary heart disease. Acta Paediatrica 1997; 
422: 78-82.
103. Fall CH, and B arker DJP. The fetal origins o f coronary heart disease and 
noninsulin dependent diabetes in India. Indian Paediatrics 1997; 34(1): 5-8.
104. B arker DJP. The fetal origins o f coronary heart disease. European Heart J 
1997;18(6): 883-884.
105. Godfrey KM, B arker DJP, Robinson S, and Osmond C. Maternal birthweight and 
diet in pregnancy in relation to the infant’s thinness at birth. Br J Obstet Gynaecol 
1997; 104(6) 663-667.
106. B arker DJP. Fetal nutrition and cai’diovascular disease in later hfe. Br Med 
Bulll997; 53(1): 96-108.
107. B arker DJP. Intra-uterine progiamming o f the adult cardiovascular system. 
Current Opinion in Nephrology & Hypertension 1997; 6(1): 106-110.
108. B arker DJP, and Martyn CN. The fetal origins o f hypertension. Advances in 
Nephrology from the Necker Hospital 1997; 26: 65-72.
109. B arker DJP. The long-term outcome o f retarded fetal growth. Clinical Obstetrics 
& Gynaecol 1997; 40(4): 853-863.
110. Sayer AA, Cooper C, and B arker DJP. Is lifespan determined in utero? Arch 
Disease in Childhood (Fetal & Neonatal Edition) 1997; 77(3): F163-F164.
177
References Cited
111. B arker DJP. Intrauterine programming o f coronary heart disease and stroke. Acta 
Paediatrica (Suppl) 1997; 423: 178-182.
112. B arker DJP, and Clark PM. Fetal undernutrition and diseases in later life. Reviews 
o f Reproduction 1997; 2(2): 105-112.
113. Stein CE, Kumaran K, Fall CH, Shaheen SO, Osmond C, and B arker DJP. Relation 
o f fetal growth to adult lung function in south India. Thorax 1997; 52(10): 895-899.
114. Phillips DI, and B arker DJP. Association between low birthweight and high 
resting pulse in adult life: Is the sympathetic nervous system involved in 
progranmiing the insulin resistance syndrome? Diabetic Medicine 1997; 14(8): 
673-77
115. Haelterman E, Breart G, Paris-Llado J, et al. Effect o f uncomplicated chronic 
hypertension on the risk of small for gestational age birth. Am J Epidemiol 1997; 
145 (8): 689-695.
116. Henry JA, Bolla M, Osmond C, Fall C, Barker DJP, and Humphries SE. The 
Effects o f genotype and infant weight on plasma levels o f fibrinogen, factor VII, 
and LDL cholesterol are additive. J Med Genetics 1997; 34(7): 553-558.
117. Cresswell JL, Egger P, Fall CH, Osmond C, Fraser RB, and B arker DJP. Is the age 
o f menopause determined in-utero? Early Human Develop 1997; 49(2):
118. Barker M, Robinson S, Osmond C, and B arker DJP. Birthweight and body fat 
distribution in adolescent girls. Arch Disease Childhood 1997; 77(5): 381-383.
119. Al-Nozha MM, Ali MS, and Osman AK. Arterial hypertension in Saudi Arabia. 
Ann Saudi Med 1997; 17(2): 170-174.
120. Wang X, Tager IB, Vunakis HV, et al. Maternal smoking during pregnancy, uterine 
nicotine concentrations, and birth outcomes: A prospective cohort study. IntT J 
Epidemiol 1997; 26(5) : 978-988.
121. Cooke RWI. Smoking, Intrauterine Growth retardation and sudden infant death 
syndrome. Int’l J  Epidemiol 1998; 27: 238-141.
122. B arker DJP. In-utero programming o f chronic disease. Clinical Science 1998; 
95(2): 115-128.
123. Cushing AH, Samet JM, Lambert WE, et al. Breastfeeding reduces risk o f 
respiratory illness in infants. Am J Epidemiol 1998; 147(9): 863-870.
178
References Cited
124. Wilson AC, Forsyth JS, Green SA, et al. Relation o f infant diet to childhood health: 
seven yeai' follow-up of cohort o f children in Dundee infant feeding study. BMJ 
1998;316:21-25.
125. Smith GD, Hart C, Blane D, et al. Adverse socio-economic conditions in childhood 
and cause-specific adult mortality: prospective observational study. BMJ 1998; 
316: 1631-1635.
126. Ericson A, and Kallen B. Very low birthweight boys at the age o f 19. Arc Dis Child 
Fetal Neonatal Ed 1998; 78: F171-F174.
127. Xu B, Rantakallio P, and Jarvelin MR. Mortality and hospitalization o f 24-year-old 
members o f the low-birthweight cohort in northern Finland. Epidemiol 1998; 9(6): 
662-665.
128.Pharoah POD, Stevenson CJ, and West CR. Association o f blood pressure in 
adolescent with birthweight. Arch Dis Child Fetal Neonatal Ed 1998; 79: FI 14-Fl 18.
129. Clark PM, Atton C, Law CM, Shiel A, Godfrey K and Barker DJP. Weight gain in 
pregnancy, triceps skinfold thickness, and blood pressure in offspring. Obsterics & 
Gynecology 1998; 91(1): 103-107.
130. Woelk G, Emanuel I, Weiss NS, and Psaty BM. Birthweight and blood pressure 
among children in Haiare, Zimbabwe. Arch Dis Child Fetal Neonatal Ed 1998; 79: 
F119-F122.
131. Jones ME, Swerdlow AJ, Gill LE, et al. Pre-natal and early life risk factors for 
childhood onset diabetes mellitus: a record linkage study. IntT J Epidemiol 1998; 
27: 444-449.
132. RaveUi AC, van der Meulen JH,Michels RP, Osmond C, B arker DJP, Hales CN, 
and Bleker OP. Glucose tolerance in adults after prenatal exposure to famine. 
Lancet 1998; 351: 173-177.
133. Martyn CN, Hales CN, B arker DJP, and Jespersen S. Fetal growth and hyper- 
insulinaemia in adult fife. Diabetic Medicine 1998; 15(8): 688-694.
134. Fall CH, Stein CE, Kumaran K, Cox V, Osmond C, B arker DJP, and Hales CN. 
Size at birth, maternal weight, and type II diabetes in south India. Diabetic 
Medicine 1998; 15(3): 220-227.
135. Phillips DI, Barker DJP, Fall CH, et al. Elevated plasma cortisol concentrations: a 
fink between low birthweight and the insulin resistance syndrome? J Clin 
Endocrinology & Metabolism 1998; 83(3): 757-760.
179
References Cited
136. Keller H, Ayub BV, Saigal S. et a l Neuro-motor ability in 5 to 7 years old children 
with very low or extremely low birthweight. Developmental Medicine & Child 
Neurology 1998; 40(10): 661-666.
137. Van de Mheen H, Stronks K, Looman CWN, et al. Does childhood socioeconomic 
status influence adult health through behavioural factors? IntT J Epidemiol 1998; 
27: 431-437.
138. B arker DJP. The long-term outcome o f retarded fetal growth. Journal Suisse de 
Medicine 1999; 129(5) : 189-196.
139. Hack M, and Fanaroff AA. Outcomes o f children o f extremely low birthweight and 
gestational age in the 1990’s. Early Human Development 1999; 53(3): 193-218.
140. Moore SE, Cole TJ, Collinson AC, et al. Prenatal or early post-natal events predict 
infectious deaths in young adulthood in rural Africa. IntT J Epidemiol 1999; 
28 :1088- 1095.
141. Mathews F, Yudkin P, and NeÜ A. Influence o f maternal nutrition on outcome o f 
pregnancy: prospective cohort study, BMJ 1999; 319: 339-343.
142. Sorensen HT, Sabroe S, Rothman KJ, et al. Birth weight and length as predictors for 
adult height. Am J Epidemiol 1999; 149(8): 726-729.
143. Baxter-Jones ADG, Cardy AH, Helms PJ, et al. Influence o f socioeconomic 
conditions on growth in infancy: The 1921 Aberdeen Birth Cohort. Arch Dis Child 
1999;81:5-9.
144. Hoy WE, Rees M, Kile E, et al. A new dimension to the B arker hypothesis: low 
birthweight and susceptibility to renal disease. Kidney IntT 1999; 56(3): 1072-1077.
145. B arker DJP. Fetal origins o f cardiovascular disease. Annals o f Medicine 1999; (31 
Suppl) 1: 3-6.
146. B arker DJP Why heart disease mortality is low in France. Commentary: 
intrauterine nutrition may be important. BMJ 1999; 318: 1477-1478.
147. B arker DJP. The intra-uterine origins o f disturbed cholesterol homeostasis. Acta 
Paediatr 1999; 88(5): 500-504.
148. B arker DJP. Early growth and cardiovascular disease. Archives o f Disease in 
Childhood 1999; 80(4): 305-307.
149. Eriksson JG, Forsen T, Tuomilehto J, Winter PD, Osmond C, and B arker DJP. 
Catch-up growth in childhood and death fr*om coronaiy heart disease: longitudinal 
study. BMJ 1999; 318: 427-431.
180
References Cited
150. Forsen T, Eriksson JG, Tuomilehto J, Osmond C, and Barker DJP. Growth in- 
utero and during childhood among women who develop coronary heart disease: 
longitudinal study. BMJ 1999; 319: 1403-1407.
151. Cianfarani S, Germani D, and Branca F. Low birthweight and adult insulin 
resistance: the “catch-up growth” hypothesis. Arch Dis Child Fetal Neonatal Ed 
1999;81:F71-F73.
152. Hattersley AT, and Tooke JE. The fetal insulin hypothesis: an alternative 
explanation o f the association o f low birthweight with diabetes and vascular 
disease. Lancet 1999; 353:1789-1792.
153. Samuelsson U, Johansson C, and Ludvigsson J. Month of birth and risk o f 
developing insulin dependent diabetes in south east Sweden. Arch Dis Child 1999; 
81: 143-146.
154. Barros FC, and Victoria CG. Increased blood pressure in adolescents who were 
small for gestational age at birth: a cohort study in Brazil. IntT J Epidemiol 1999; 
28 :676-681.
155. Whincup PH, Bredow M, Payne F, et al. Size at birth, and blood pressuie at 3 years 
o f age. Am J Epidemiol 1999; 149(8): 730-739.
156. Roseboom TJ, van der Meulen JH, RaveUi AC, van Montfrans G A, Osmond C, and 
Barker DJP. The blood pressure in adults after prenatal exposure to famine. J of 
Hypertension 1999; 17(3): 325-330.
157. Rabbia F, Veglio F, Grosso T, et al. Relationship between birthweight and blood 
pressure in adolescence. Preventive Medicine 1999; 29 (6 Pt 1): 455-459.
158. Lagomarsino E. Role o f paediatricians in the prevention o f adult hypertension. 
Revista Medica de Chile 1999; 127(3) : 349-357.
159. Horwood LJ, Mogridge N, and Darlow BA. Cognitive, educational, and behavioural 
outcomes at 7 to 8 years in a national very low birthweight cohort. Archives 
Disease in Childhood Fetal & Neonatal Edition 1998; 79(1): F12-F20.
160. RaveUi AC, van der Meulen JH, Osmond C, Barker DJP, and Bleker OP. Infant 
feeding and glucose tolerance, lipid profile, blood pressure, and obesity. Archieves 
o f Disease in Childhood 2000; 82(3) : 248-252.
161. Godfrey KM, and Barker DJP. Fetal nutrition and adult disease. Am J Clin Nutr 
2000; 71 (5 suppl) : 1344S-1352S.
162. Barker DJP. In utero programming o f cardiovascular disease. Therigenology 2000; 53(2): 555-574.
181
References Cited
163. Eriksson JG, Forsen T, Tuomilehto J, Osmond C, and B arker DJP. Early growth, 
adult income, and risk o f stroke. Stroke 2000; 31(4): 869-874.
164. Mi J, Law C, Zhang KL, Osmond C, Stein C, and B arker DJP. Effects o f infant 
birthweight and maternal body mass index in pregnancy on components o f the 
insulin resistance syndrome in China. Ann o f Internal Medicine 2000; 132(4) “253- 
260.
165. Al-Mahroos F, Al-Roomi K, and McKeigue PM. Relation o f high blood pressure to 
glucose intolerance, plasma lipids and educational status in an Arabian Guff 
population. IntT J Epidemiol 2000; 29(1) : 71-76.
166. Klumbiene J, Sileikiene L, Milasauskiene Z, et al. The relationship o f childhood to 
adult blood pressure: longitudinal study o f juvenile hypertension in Lithuania. J 
Hypertens 2000; 18(5): 531-538.
167. B arker DJP. Fetal and infant origin o f adult diseases. BMJ 1992, London,
168. Dacia & Lewis “Practical Haematology” 7“' Edition (1991) Churchill Livingstone.
169. Carter P. Ultramicroestimation o f human serum albumin binding of the cationic 
dye, 5,5’- dibromo-o-cresolsuffonphthalein. Microcehm J 1970; 5: 531-539.
170. Louderback A. Measley EH, Taylor NA. A new dye-binder technical using 
bromocresol purple for determination o f albumin in serum. Clin Chem 1968; 14: 
793-794.
171. Kingsley GR. The direct Biuret method for the determination o f serum proteins as 
applied to photoelectric and visual colorimetry. J Lab Clin 1942; 27: 840-845.
172. Henry RJ, Sobel C, Berkman S. Interference with Biuret methods for serum 
proteins. Anal Chem 1957; 29: 1491-1495.
173. Henry RJ. Clinical Chemistry, Principles and Techniques. Harper and Row, New 
York, NY 1974, pp 407-421.
174. Laren, K. Creatinine assay by a reaction-kinetic approach. CHn Chem Acta 1972; 
41:201-217.
175. Talke H., Suhuert GE. Enzymatische harnstoffbestimmung in blut und serum in 
Optischen test nach Warburg. Klin Wschr 1965: 41-174.
176. Kunst A. Draeger, Ziegenhorn J. UV-methods with hexokinase and glucose-6- 
phosphate dehydrogenase. Method o f Enzymatic Analysis. Vol VI Bergmeyer. HU, 
Ed, Veriag Chemie, Deerfield FL, 1983; pp 163-172.
182
References Cited
177. Current status of blood cholesterol measurement in clinical laboratories in the 
United States. A Report from the Laboratory Standardisation Panel o f the National 
Cholesterol Education Program, Clin Chem 1988; 34:194-201.
178. Grove TH. Effect o f reagent pH on determination o f high-density lipoprotein 
cholesterol by precipitation with sodium phosphotungstate-magnesium. Clin Chem 
1979; 25: 560-564.
179. Connerty HV, Lau SHC, Briggs AR. Clin Chem 1971; 17:661. Presented at the 23^  ^
National Meeting o f the American Association o f Clinical Chemistry, Seattle, WA, 
August, 1971.
180. Anderegg G, Flaschka H, Sallmann R, Schwatzenbach G. Metalindikatoren VII ein 
auf Erdakaluonan ansprechendes Ptalein and seine analytyische Veswendung 
HELV, Chim Acta 1954; 37:113-120.
181. Hennessy DG, Reid GR, Smith FE, Thompson SL. Ferene- a new spectophoto- 
metric reagent for Iron. Can J Chem. 1984; 62: 721-724.
182. Nie NH, Hull CH, Jenkins JG, et al. Statistical Package for the Social Sciences 2"*^  
Ed, New York, McGraw Hill Book Co. 1975.
183. Rashhed P, and Rahman J. Anthropometry o f Saudi neonates. Saudi Med J 1991; 
12(3): 191-195.
184. The Current Health Situation. The Fifth Health Services Plan (1410-1415) Riyadh; 
General Directorate o f Planning, MOH, Saudi Arabia, 1989. 1-35.
185. The State o f the World’s Children, UNICEF, Oxford. Oxford University Press. 
1987: 130-131.
186. Ramankutty P, Tikreeti RA, Rassaam KW, et al. A study on birthweights o f Iraqi 
children. J Trop Paediatr 1983; 29: 5-10.
187. Taha SA, Abdullah MA, Jowda MS, et al. Size at birth o f live-born Saudi infants. Br 
J Obstet Gynaecol 1984; 91: 1197-1202.
188. Humeidah AK, Hardy MJ. Birthweight, occipito-frontal circumference, and crown- 
to-heal length in 400 normal healthy Saudi babies. In: Mahgoub ES, Kemal H, 
Jabbar FA, eds. Proceedings o f Fifth Saudi Medical Conference, Riyadh University 
Press, 1981; 419-427.
189. Krueger NW. Size at birth in Najran, Saudi Arabia. Ann Saudi Med 1988; 8: 113-
116.
183
References Cited
190. Rasheed P, and Rahman J. Predictors o f Saudi birthweights: a multiple regression 
analysis. Saudi Med J 1995; 16(1): 23-29.
191. Al-Frayh AS, and Haque KN. Intrauterine and fetal growth standards o f Saudi 
A abia and the Gulf region. Saudi Med J 1993; 14(2): 133-137.
192. Niazi G A, Al-Shaalan M. Physical profile o f Saudi newborns: birthweight, length, 
head circumference values. Saudi Med J 1996; 17(2): 180-184.
193. Al-Mugbel, K S. A pilot study on mothers, babies, and diseases in later life: the case 
o f Saudi Arabia. 1998. Submitted in accordance with the requirements for the degree 
o f Master o f Philosophy, University o f Surrey, England, UK.
194.Doyle W, Crafford MA, Wynn HA. The association between maternal diet, and birth 
dimensions. J Nutr Med 1990; 1: 9-117.
195.Chart T, Young A, Macintosh M. The myth o f fetal growth retardation at term. Br J 
Obstetrics and Gynaecol 1993; 100: 1076-1081.
196.Lever AF, and Harrap SB. Essential hypertension: a disorder o f growth with origin 
in childhood? J Hypertension 1992; 10: 101-121.
197.De Swiet M, Fayers PM, and Shinebourne EA. Blood pressure in four and five 
years-old children: the effects o f environment and other factors in its measurements 
-  The Brompton Study. J Hypertension 1984; 2(5): 501-505.
198.Williams S, St. George IM, Silva PA. Intrauterine growth retardation and blood 
pressure at age seven and eighteen. J Clin Epidemiol 1992; 45(11): 1257-1263.
199.Whincup PH, Cook DG, Papacosta O. Do maternal and intrauterine factors influence 
blood pressure in childhood? Arc Dis Child 1992; 67: 1423-1429.
200.Seidman DS, Laor A, Gale R, and et al: Birthweight, current body weight, and blood 
pressure in late adolescence. BMJ 1991; 302: 1235-1237.
201. Van Biervliet JP, Rosseneu M, and Caster H. Influence o f dietary factors on the 
plasma lipoprotein composition and contents in neonates. Eur J Pediatr 1986; 144: 
489-493.
202.1nnis SM. The role o f diet during development on the regulation o f adult cholesterol 
homeostasis. Can J Physiol Pharmacol 1985; 63: 557-564.
203.Glueck CJ, and Tasng RC. Paediatric type II hyperlipoproteinemia effects o f diet or 
plasma cholesterol in the first year o f life. Am J Clin Nutr 1972; 25: 224-230.
184
References Cited
204.Friedman G, and Goldberg SJ. Concurrent and subsequent serum cholesterol of 
breast and formula fed infants. Am J Clin Nutr. 1975; 28; 42-45.
205.Niazi GA. Haematological profile o f Saudi Newborn. Saudi Med J 1994; 15: 243- 
249.
206.Ghafouri HM, Al-Fares AM, Islam S, and et al; Haematological reference values 
assessed fi*om birth to adolescence in Saudi subjects in the area o f Jeddah. Saudi 
Med J 1987; 8: 575-582.
207.A1-Awamy HH, Al-Mouzan MJ, Niazi GA, and et al; Sickle cell anaemia in early 
childhood in eastern province o f Saudi Arabia. KACST project AR3-093. Technical 
Report 1991; 49: 67-90.
208.Niazi GA, and Adeyokunnu A. Low mean corpuscular volume: a usefiil diagnostic 
haematological parameter for detection for a-Thalassaemia at birth. Saudi Med J 
1995; 16(5): 421-424.
209.Report o f the second task force on blood. Task force on blood pressure in children. 
Paediatrics 79; 1:1987.
210.Voors AW, Webber L S, Frerichs R  R, Berenson G S. Body height and body mass as 
determinants of basal blood pressuie in children. The Bogalusa Heart Study. Am J 
Epidemiol 1977; 106(2): 101-108.
211.Voors AW, Webber LS and Berenson GS. Time course studies o f blood pressure in 
children. The Bogalusa Heart Study. AM J Epidemiol 1979; 109(3): 320-333.
212.Nelson KB, and Grether JK. Can Magnesium Sulfate reduce the risk o f cerebral 
palsy in very low birthweight infants? Paediatrics 1995; 95:263-269.
213.Swenne J, Crace CJ, and Milner DG. Persistent impairment o f insulin secretory 
response to glucose in adult rats after limited period of protein-calorie malnutrition 
early in life. Diabetes 1987; 36:454-458.
214.Rossing P, Tarnow L, and Nielson FS, et al. Short stature and diabetic nephropathy. 
BMJ 1995; 310:296-297.
215.Cameiro EM, Mello MAR, Gobatto CA and Boschero AC. Low protein diet impairs 
glucose- induced insulin secretion fi'om and ca uptake by pancreatic rat islets. J Nutr 
Biochem 1995; 6:314-318.
216.Thomas Briony. Manual o f Dietetic Practice, 2"  ^ Edition, Chapter 4.19- 
Hyperlipidaemia, pp 468 - 469, Blackwell Science, 1994.
185
References Cited
217.Neil HAW, Mant D, Jones L, Morgan B and Mann JI. Lipid screening: is it enough 
to measure total cholesterol concentration? Br Med J 1990; 301, 584-6.
218.Hornby SJ, Dandona L, Foster A, et al; Clinical findings, consanguinity, and 
pedigrees in children with anophthalmos in Southern India. Dev Med Child Neurol 
2001; 43(6): 392-398.
219.Hom LC, Faber R, Meiner A, et al; Greenberg dysplacia: first reported case with 
additional non-skeletal malformations and without consanguinity. Prenat Diagn 
2000; 20(12): 1008-1011.
220.Krishnamoorthy S, and Audinarayana N. Trends in consanguinity in South India. J 
Biosoc Sci2001; 33(2): 185-197.
221.Bennett RL, Hudgins L, Smith CO, and et al; Inconsistencies in genetic counselling 
and screening for consanguineous couples and their offsprings: the need for practice 
guidelines. Genet Med 1999; 1(6): 286-292.
222. Subramanyan R, Joy J, Venugopalan P, et al; Incidence and spectrum of congenital 
heart disease in Oman. Ann Trop Paediatr 2000; 20(4): 337-341.
223.Becker SM, Al-Halees Z, Molina C, et al; Consanguinity and congenital heart 
disease in Saudi Arabia. Am J Med Genet 2001; 99(1): 8-13.
224.Hussain R, and Bittles AH. Sociodemographic correlates o f consanguineous 
marriage in the Muslim population o f India. J  Biosoc Sci 2000; 32(4): 433-442.
225.Leeson CP, Kattenhorn M, Deanfield JE, et al; Duration o f breast feeding and arterial 
distensibility in early adult life: population based study. BMJ 2001; 322(7287): 625- 
626.
226.Leeson CP, Kattenhorn M, Morley R, et al; Impact o f low biithweight and 
cardiovascular risk factors on endothelial function in early adult life. Circulation 
2001; 103(9): 1264-1268.
227.Real JT, Chaves FJ, Martinez-Uso I, et al; Importance o f HDL cholesterol levels and 
the total HDL cholesterol ratio as a risk factor for coronary heart disease in 
molecularly defined heterozygous familial hypercholesterolaemia. Eur Heart J 2001; 
22(6): 465-471.
228. Wang CS, and Chou P. Risk factors for low birthweight among first-time mothers in 
Southern Taiwan. J Formos Med Assoc 2001; 100(3): 168-172.
229.England LJ, Kendrick JS, GargiuUo PM, et al; Measures o f maternal tobacco 
exposure and infant birthweight at term. Am J Epidemiol 2001; 153(10): 954-960.
186
References Cited
230.Pinelli J, Atkinson SA, and Saigal S. Randomised trial o f breast feeding support in 
VLBW infants. A c h  Pediatr Adolesc Med 2001; 155(5): 548-553.
231.Chan A, Keane RJ, and Robinson JS. The contribution o f maternal smoking to 
preterm birth small for gestational age and low birthweight aboriginal and non­
aboriginal births in South Australia. Med J Aust 2001; 174(8): 389-393.
232.Bellingham-Young DA, and Adamson-Macedo EN. Birthweight-is it linked to minor 
illness in adulthood? Neuroendocrinol lett 2000; 21(6): 469-474.
233.Kwiterovich PO Jr. The metabolic Pathways o f high density lipoprotein, low density 
lipoprotein, and triglycerides: a current review. Am J Cardiol 2000; 86(12 A): SL­
ICE.
234.Martin H, Hu Jie, Gennser G, et al; Impaired endothelial function and increased 
carotid stifi&iess in 9-year old children with low birthweight. Circulation 2000; 
102(22): 2739-2744.
235.Bertram C, Trowern AR, Copin N, et al; The maternal diet during pregnancy 
programmes altered expression o f the glucocorticoid receptor and Type 2, 11 [beta]- 
Hydroxysteroid Dehydrogenase: Potential molecular mechanisms under lying the 
Programming o f Hypertension in Utero. Endocrinology 2001; 142(7): 2841-2853.
236.Kivipelto M, Helkala E, Laakso MP, et al; Midlife vascular risk factors and 
Alzheimer’s disease in later life: longitudinal, population based study. BMJ 2001; 
322(7300): 1447-1451.
237.Eriksson JG, Forsen T, Tuomemiletho J, et al. Early growth and coronary heart 
disease in later life: longitudinal study. BMJ 2001; 322(7292): 949-953.
238.Miura K, Nakagawa H, Tabata M, et al; Birthweight, childhood growth, and 
cai'diovascular disease risk Actors in Japanese aged 20 years. Am J Epidemiol 2001; 
153(8): 783-789.
239.Steinberger J, Moran A, Hong CP, et al; Adiposity in childhood predicts obesity and 
insulin resistance in young adulthood. J Paediatrics 2001; 138(4): 469-473.
240.Robinson R. The fetal origins o f adult disease: No longer just a hypothesis and may 
be critically important in South Asia. BMJ 2001; 322(7283): 375-376.
241.Roseboom TJ, Van der Meulen JHP, Osmand C, Barker DJP, et al; Coronary heart 
disease alter prenatal exposure to the Dutch famine. 1944-45. Heart 2000; 84(6): 
595-598.
242.Byme CD, Phillips DI. Fetal origins o f adult disease: epidemiology and mechanism. 
J Clinical Pathol 2000; 53(11): 822-828.
187
References Cited
243 .Roseboom TJ, Van der Meulen JH, van Montfrans GA, et al; Maternal nutrition 
during gestation, and blood pressure in later life. J Hypertens 2001; 19(1): 29-34.
244.Roseboom TJ, Van der Meulen JH, Osmand C, Barker DJP, et al; Plasma lipid 
profiles in adults after prenatal exposure to the Dutch famine. Am J Clin Nutr 2000; 
75(5): 1101-1106.
188

Qucsdomaaâre Form A 
To be completed at birth 
Midwife: Ask the mother the following questions and enter the responses
QUESTIONNAIRE FORM A 
(To be Completed at Birth)
Midwife: Ask the mother the following questions and enter the responses
Name:
Husband’s Name 
Address:
Age:
Age at marriage:
1.
2 .
3.
4.
5.
6 .
7.
8.
9. When did your last menstrual period start?
10. Have you ever given biith?
11. How many children did you bear alive?
12. What is birth date o f the last child?
Hospital No:
Telephone:
NoCan you read and wiite : Y es
What type o f work have you been doing during the pregnancy? 
What is your husband’s occupation?_______________________
Yes No
Z IZ
Boy 
weeks 
kg 
cm 
cm 
cm
13. Did you have any prenatal care during this pregnancy? Y es
14. Date o f birth o f the newborn
15. Sex o f the newborn
16. Approximate gestational age
17. Weight o f the newborn
18. Recumbent length
19. Head circumference
20. Abdominal circumference
21. Blood pressure o f newborn Systolic
22. Weight o f the placenta
23. Height o f the mother
No
Girl
mmHg Diastolic 
gm 
cm
mmHg
The nurse should take cord blood samples from the newborn

Kingdom of Saudi Arabia 
Ministry of Health
Appointment Card
Mother File No: 
Baby File No: 
Name o f Infant: Sex:
Consultant:
Hospital:.............................................Date:
Tim e:..............a.m. / .............p.m.
./ /. Day:
Dear M other:
Please keep the card safe. Bring it with you at time you come to the 
Hospital. You can help the Out-patient Clinics run smoothly by 
keeping the appointment on the time. If you can V come in on time, 
contact by telephone No. ( ).
Note: All appointments are given according to Hijri dates
u
To
QUESTIONNAIRE FORM B
To be completed at 6 weeks of age
Date o f Visit;
Hospital No.:Name of child:
Name of mother:
Address:
Weight o f child:
Recumbent length: cm
Head circumference: cm
Abdominal circumference: cm
Blood pressure:
Systolic
Diastolic
mmHg
mmHg
Child breasts fed:
Yes
No
10. Health problems during the last 2 weeks:
The nurse should take blood samples from the infant
m
QnegAoBiiaire Form C 
completed at one year of ageTo
1. Name of the Child: _
2. Weight of Child:
3. Recumbent Length:
4. Head Circumference:
QUESTIONNAIRE FORM C
To be completed at one year age
Date of Visit
___________________ Hospital No : _______
Kingdom of Saudi Arabia Ministry o f Health
H Z
cm
Age of Child: Months
cm 5.Abdominal circumference: 
6. Mid arm circumference:
cm
cm
T.BIood Pressure: Systolic
Diastolic
mmHg
mmHg
8. Child Feeding Practices: Breastfed |____|
9. Duration of Breast Feeding:
10. Exclusive breast feeding (Without liquid, food):
11. Child age of food supplementation:
12. Child health problems during the last 2 weeks:
Bottle Mixed
Months
Months
Months
13. Smoking: Current Lactation
14. Consanguinity: I l i s t
Previous Pregnancy 
2nd I I Distant
15. Did you get your periods in your current breast feeding?
Yes r " No
If yes, when was the first period (postpartum) months
16. Did you experience your preg
NoYes
nancy without periods?
17. Are you now pregnant?
Yes I I
Never
No relation
No If Yes, how many weeks
The Nurse should take blood sample from the child iv
18. Are you practising any family planning method?
Yes I No
19. Food habits during pregnancy:
A. Food Craving (likes): Yes
If Yes, Specify: 1 ._______
2. __________
3 ._______
B. Food Aversions (Dislike): 
If Yes, Specify: 1.
2.
3.
C. Pica (Non Food Items):
If Yes, Specify: 1.
2.
3.
Yes
Yes
20. Food practices during pregnancy:
No
No
No
Increased Decrease No Change
Milk □ □ □
Meat □ □ □
Vegetables □ □ □
Fruits □ □ □
Breads/Cereals □ □ □
Oils and Fats □ □ □
Caffeine Beverages □ □ □
(Tea /Coffee /Co/a /Chocolate)
21. Did you receive mineral or vitamin supplementation during pregnancy?
YesCH No CZ! If Yes, Specify:
Folic Acid d] Iron O Calcium d) Multivitamin dl
When:___________________________________________________
The Nurse should take blood sample from the child
Retrospective Study Form
Kingdom of Saudi Arabia 
Ministry of Heaith
RETROSPECTIVE STUDY FORM
M.F. No. : 
B.F. No. :
Sex :
Boy
Girl
M others N a m e :........................................................................  Age
Husband N a m e :............................................................ ...........
A d d ress :.....................................................................................
Phone No. O ffice : Res. : ...............................
years
Mothers Information ;
* Anaemia 
Yes 
No
W eight o f Placenta 
* Height
* Information to be collected from the files;
gm
cm
r New born Information at Birth from the files :
Date o f  birth Recumbent length cm
Birth weight kg Head circumference cm
Child Information;
Date o f  Visit 
W eight 
Height
kg
cm
Head Circumference
Current age
M id arm circumference 
Blood Pressure
Systolic 
Diastolic
cm
years
cm
mmHg
mmHg
The Nurse should take the blood sample for the Child VI
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